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ERRATA, &c. 


Page 18 Line 15, for Places“ read “placed” 

34 — 41, for “last” read “least” 

35 45, for“amouroses” read ‘‘amaurosis” 

89 „ 12, for even“ read “ever” 

90 “ 46, for operation“ read other“ 

91 „ 15, for “formed” read “proceeded” and dele both commas 

— 22, for “arise” read “arrive” 

93 „ 37, for “maintained” read “maintains” 

95 22, for “but” read bent“ 

Bottom line but one for occasioned” read “occasional” 

96 „ 6, for“ powerful“ read “powerfully” 

112 «„ 8, from bottom, for “manifestations” read “ manipulations“ 
113 “ 9, for “glased” read “glazed” 

— 11, for “formed” read “poured” 

— 237, after“ named“ dele the comma. „wax'] 
114 „ 12, dele comma after “tubes”; and introduce comma [after 
161 “ 81, for “accorded” read afforded” 

254 „ 10, after “fur” introduce “produce similar effects” 
255 „ 20, from bottom, for “a” read the“ 

296 „ 33, after “and” introduce “of” and dele through“ 
298 „ 50, for “pumping” read jumping 

334 „ 34, for “larger” read longer“ 

446 „13, for “operation” read application“ 

— 22, space wanted between “‘sentiments” and as“ 
447 11, for “laternal” read lateral“ 

— ‘ 44, for “plate VII“ read “plate VIII” 

448 ‘ 4, for Do. Do. 

— 27, for upwright' read “upright” 

— 233, for “found” read formed 

— 43, for „fitting-rod“ read “lifting-rod” 

450 „ 12, after “under” introduce the“ 
451 “ 9, dele “had” 

— 179, dele “this” 

— „ 238, for “philantrophic” read ‘‘philantropic” 
502 „ 26 for “insulated” read ‘‘uninsulated”’ 
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On the Identity of the Ordinary and Voltaic Electricity. By 
J. Goopman, Esq., M. R. C. S., &c. 


Read at the Royal Victoria Gallery of Practical Science, Manchester, at 
the Conversazione, October 22nd, 1840. 


1. The views of electricians which have been so long enter- 
tained with regard to the identity of the electricities, the gal- 
vanic, frictional, and magnetic, appear to have commanded and 
obtained almost universal assent. The experiments, however, 
upon record, which I have hitherto perused, such as those of 
Dr. Wollaston, and others, and the more recent ones of Dr. 
Faraday, although manifesting in a high degree the analogy of 
galvanic and ordinary electricity, are still not perfectly decisive, 
and for reasons which will be hereafter adduced, have im- 
presed me with the necessity of still further carrying on the 
inquiry. I doubt not but to many minds the experiments of 
the illustrious individuals above named may appear finally con- 
clusive and satisfactory ; but if there still remain those who are 
discontented, unless the two fluids so tested be submitted to 
exactly similar circumstances, be tested by indeed the same 
apparatus, effect chemical and other changes in precisely the 
same quality of materials, evince the government of the same 
laws in its conduction, insulation, polarity, &c., (see 41. 42. 44. 
45.) and be indeed moulded into a perfectly identical form of 
fluid; if in the substance of the ensuing paper experiments be 
found which can add satisfaction to, and set the matter finally 
at rest in the minds of the latter class of individuals, this, and 
this alone, will fulfil the objects of the following investigation. 
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2. On first surveying the distinctive characters of the two 
fluids, we find a wide unbounded contrast, and an unlimited 
diversity of properties. On the one hand our attention is di- 
rected to the roaring and tempestuous burst of fluids from the 
most extensive, immense, and immeasurable distances, polariz- 
ing, as it were, heaven and earth at the same moment, and 
traversing with fleetest strides the remote boundaries of the 
terestrial and celestial empire ; devastation, destruction, and 
ruin, marking frequently the footsteps of this subtile agent ; 
whilst the other is silently, slowly, and almost imperceptibly 
executing the most beautiful, useful, and interesting productions 
of the material universe. It appeared that to attempt the esta- 
blishment of identity between fluids of such opposite characters, 
it would become necessary to endeavour to mould the one under 
investigation, as nearly as possible, to the characters and pro- 
perties of the opposing kind. 


8: The subject which appeared least satisfactory, and which 
has induced me more particularly to commence a further in- 
quiry, is, the decomposition of water by ordinary electricity ; 
an experiment which it is well known has so frequently been 
accomplished by the galvanic fluid. For although this decom- 
position had been effected by many individuals, I am not aware 
that the gases were ever collected in a completely separate 
state, and submitted to a perfect analysis, and if we contemplate 
the manner in which the experiment has generally been per- 
formed, it has been without any reference to the character of 
the fluid imitated, and, as may be gathered from some of the fol- 
lowing experiments, with mostly unsatisfactory results. (38. 43.) 
I doubt not, therefore, I shall be excused the boldness of my 
attempt, in endeavouring (although the subject has failed in the 
hands of the eminent) to establish the analogy of these fluids by 
experiments which have at all times been looked upon as pos- 
sessing the most decisive character. 


4. Finding, on the onset of my enquiry, the tension of ordi- 
nary electricity, in comparison with that of the most powerful 
vultaic battery, to be very much superior, and that this property 
may be instantly diminished (as will be shortly exhibited) (see 
14) by charging a Leyden jar, I determined upon at once 
drawing out a statement of the properties of the galvanic and 
frictional electricities, to direct and guide me in all my future 
experiments. 


5. Galvanic electricity, for instance, as existing in a common 
battery, or single pair of plates, usually presents the following 
properties or characters:—1. It is produced in a continuous 
stream of one or two fluids of opposite kinds, one positive, the 
other negative.—2. The two streams or currents of positive 
and negative electricities have a constant and mutual attraction 
for each other, there being a continual tendency of the positive 
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fluid to pass to the negative body, and to no other.—3. The 
galvanic fluid is subject to the influence of induction, or polariza- 
tion of the most contiguous kind, being produced by the 
assumed oppositely electrical conditions of the atoms of matter 
when in absolute contact, and hence the tension of this fluid or 
its capability of passing through a non-conducting medium, is 
exceedingly limited, and may also be termed atomic.—4. It is 
conducted badly by metals, and scarcely at all by water.—5. 
Its attractive and repulsive powers are also of the feeblest kind, 
for without a considerable number of alternations of plates, 
gold leaves cannot be diverged, nor any effect produced upon 
the pith ball or other electrometers.—6. Its physiological effects 
are very feeble in proportion to the quantity of the fluid, nor 
are they experienced at all unless contact of the poles be made 
and broken.—7. The poles of this fluid do not require insula- 
tion, a consequence of No. 2 and 3.—8. Its quantity is exceed- 
ingly great, and far surpassing the amount of fluid generated 
by an ordinary electrical machine.—gG. It is incapable of being 
accumulated in the shape of charge; one instantaneous contact 
with the coating of a Leyden jar being productive of as great 
an amount of electric fluid as the continuation of the same for 
any length of time, its quantity being alone obtainable in a con- 
tinuous current.—10. By increasing the polarizing influence by 
a given number of alternations, tension becomes apparent, is 
rendered evident by the passing of a spark and other effects, 
and by still further augmenting this influence, a greater degree 
of tension is obtained, altogether, however, much inferior to 
the effects of this kind in the ordinary electricity. | 


6. If we now proceed to contrast these peculiarities of the 
galvanic fluids with the modified forms of fluid under which 
frictional and erial electricity appear, we find that the fluid 
termed lightening, and that which passes in sparks from the 
machine, differ most widely from the properties herein de- 
scribed. Now it is singular that these very forms of electricity 
should have been almost the only kinds made use of in the in- 
vestigations of philosophers in imitating the galvanic action, 
and it is also more singular, that in all the experiments (except 
the first) no negative pole was ever made use of which had a 
mutual decomposing dependence with the positive, and, con- 
sequently, bearing not the slightest resemblance to the proper- 
ties of the galvanic fluid, especially as described (No. 5. 2.) 


7. Dr. Wollaston’s experiments were performed chiefly by 
sparks from the machine of various dimensions, and in one 
instance by current alone, but at the sume time with only one 
pole, and, says he, “ the appearance of two currents of air may 
also be imitated by occasioning the. electricity to pass by fine 
points of communication on both sides of the water, bat, in 
fact, the resemblance is not complete, for in every way in 
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which I tried it, I observed that each wire gave both oxygen 
and hydrogen gas, instead of their being formed separately, as 
by the electric pile.” Perhaps it is unnecessary to state that 
here no mention is made of connecting more than one pole to 
any electrical body whatever. 


8. In 1807 Sir H. Davy immersed a guarded platina point 
connected with the machine in distilled water, and dissipated 
the electricity from the water into the air by moistened fila- 
inents of cotton. In this way it is stated that he obtained 
oxygen and hydrogen separately from each other. 


In 1832, the late Mr. Barry communicated a paper to the 
Royal Society, stating to have decomposed water by electricity, 
and to have obtained separate oxygen and hydrogen, from a 
kite-string in communication with one wire or pole, whilst the 
other wire was merely connected with the ground. 


10. In the experiments of Dr. Faraday, (I believe our latest 
authority upon this subject) as stated in his series of experi- 
mental researches in electricity in 1833, in the decomposition of 
water, it is stated, (329) * if with a constant pair of points the 
electricity be passed from the machine in sparks, a certain por- 
tion of gas is evolved, but if the sparks be rendered shorter, less 
gas is evolved, and if no sparks be passed, there is scarcely a 
sensible portion of gas set free. On substituting solution of 
sulphate of soda for water, scarcely a sensible quantity of gas 
could be procured, even with powerful sparks, and nearly none 
with the mere current. (330.) When what I consider the 
true effect only was obtained, the quantity of gas given off was 
so small that i could not ascertain whether it was as it ought 
to be, oxygen at one wire and hydrogen at the other.” 


11. As the other decompositions performed by this celebrated 
philosopher appear to have been accomplished by attaching the 
positive pole to the prime conductor, and the negative to the 
“ discharging train, (321) it is not improbable that the decom- 
position of water was attemped by him in the same manner, 
but the fact is not stated. With regard to the experiment of 
Sir H. Davy, Dr. Faraday adds in a note to (471) series 5, that 
“it does not remove any of the objections I have made to the 
use of Wollaston’s apparatus as a test of true chemical action ;” 
of the one quoted by Barry, he remarks, (339) “nor have any 
of the numerous philosophers who have employed such an 
apparatus obtained any such decomposition either of water or 
of a neutral salt by the use of the machine ;” also, (342) “ Mr. 
Barry’s experiment is a very important one to repeat and verify. 
If confirmed, it will be, as far as I am aware, the first recorded 
case of true electro-chemical decomposition of water by common 
electricity.” A very similar remark is also made by him. (359.) 


12. It is apparent from what is recorded of these experiments 
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that no attention was ever paid to the properties of galvanic 
electricity described (No. 5. 2.) viz., of providing poles depen- 
dent one upon the other for decomposing power and action. 
The positive pole was at all times connected to a positively 
charged body, but the negative pole was attached to matter, 
either in the natural state of electrization (speaking of it asa 
mass) as in the case of the “discharging train” used by Dr. 
Faraday, the ground” by the late Mr. Barry, the “ air“ by Sir 
H. Davy, &c., or in a negative state to which the fluid from the 
positive pole had no special tendency to pass the negative 
conductor, (see now 45.) of which, nevertheless, we have, I 
believe no positive statement that it was ever used at all. Dr. 
Faraday also remarks, concerning the poles used by Wollaston, 
“that the poles, or rather points, have no mutual decomposing 
dependence may be shewn by substituting a wire, or the finger 
for one of them, a change which does not at all interfere with 
the other, though it stops all action at the charged pole.” 


13. On examining the modifications of the electric fluid de- 
rived from the machine, or lightning, we find it existing in two 
very opposite conditions, determined by the distance of polariz- 
ing bodies, or the thickness of the insulating medium through 
which the polarization is effected. Thus lightning and the 
sparks from the machine (the kinds generally employed by 
electricians in imitating galvanic decomposition) are subject 
only to very distant polarization, (see No. 5. 3.) and may be de- 
nominated jree electricity, from their capability of passing to 
any body in their vicinity, (see No. 2,) having no tendency to 
pass to one conductor more than another, except from conti- 
guity, being in an interrupted stream or streams (see No. 1,) 
possessing the most unbounded tension, (see No. 3,) powerful, 
attractive, and repulsive powers, (see No. 5,) conducted excel- 
lently by metals and with great facility by water, (see No. 4,) 
Physiological effects only when the current is broken or inten- 
sity very great, (see No. 6.) Insulation essential to its very 
existence, (No. 7.) Its quantity is exceedingly small, (No. 8.) 
but can be accumulated to any amount. (No. 9.) 


14. The tension obtained by the influence of this polariza- 
tion gives to the fluid considerable mechanical force and power- 
ful momentum, and by the expansive character thus obtained, 
the pressure of the atmosphere, and of water (when passing 
through that fluid) is more forcibly resisted and sustained. By 
this means an exceedingly minute quantity of electricity may be 
rendered visible by expansion (17. b) and may appear to the 
observer as fluid of great quantity, and“ high intensity” (17. a) 
The influence by which this modification of electricity is go- 
verned, I have named remote polarization, and when this kind 
of electricity is submitted to the action of polarizing influence 
of the proximate kind within its immediate neighbourhood, 
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as in the coatings of a Leyden jar or other thin insulator, we 
find that the spark from the prime conductor which was capable 
of passing one inch, under these circumstances, will now only 
pass one-twentieth of that distance. The fact is instantly shewn 
by first taking a spark from the prime conductor, and observ- 
ing the passing distance and the height of an electrometer in 
connection with the machine. If now a Leyden jar of any 
kind be connected to the conductor, the electrometer instantly 
falls, and the passing distance of a spark will be reduced to, at 
least, one-twentieth of its former magnitude. I find, also, that 
with the interposition of electrics of various thicknesses very 
different effects are produced. Thus with a passing distance of 
one-tenth of an inch and a very thin lamine of mica, three dis- 
charges only passed in one turn of the machine, the electro- 
meter being at 11 of an arbitrary scale. With glass one-thir- 
teenth of an inch thick—and the same passing distance—31 
discharges occurred in one turn, the electrometer being at 
16 degrees. (See also 23. 24. 25.) 


15. The lension, therefore, is by this means considerably 
diminished. 1. The production of fluid under this influence in 
a continued stream (5. 1.) presented many difficulties, but will 
be described further on in the paper. 2. The mutual attrac- 
tion of one pole for the other, when attached to these polarized 
coatings or surfaces, and the tendency of the fluid of the posi- 
tive to pass to the negative and no other, (as in 5. 2.) 
are very manifest. 5. The attractive and repulsive powers 
are also diminished. 4. It is much less easily conducted by 
water, and even metals, than any quantity of electricity under 
remote polarization. 6. The physiological effects are feeble 
where only a current exists, but manifested by making and 
breaking contact. 7. The poles do not require insulation, in 
consequence of No. 2. 8. The quantity may be rendered 
greater than that from the machine alone, (of which hereafter.) 
10. By increasing the polarizing influence by a given number of 
alternations of jars, tension is considerably augmented. 


16. From the knowledge of the extensive modification of the 
ordinary electricity thus effected by inductive influence, I have 
been induced to divide the polarization of electricity into three 
kinds: 1, The contiguous, or atomic; 2, The proximate ; and 
3, The remote. 


17. In passing, it would be well to define the meaning of the 
terms tension and intensity, which I have adopted inthis paper, 
since it appears that very different constructions are commonly 
appended to these important terms. (a) I observe Dr. Faraday 
speaking of tension and intensity (series 12—1270) as of one 
and the same property, (see index tension 1370, intensity 1370,) 
also series 4, (392) ordinary electricity termed “electricity of 
exalted intensity,” and (419) electricity of high tension.” I 
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find in another publication, Henley’s electrometer described as 
for the purpose of measuring “ the intensity of the electricity.” 
I also meet with in another work, that one of the principal cir- 
cumstances in which voltaic differs from ordinary electricity is 
“the very low state of intensity in which it exists in the former 
when compared with the latter.“ Now the terms appear to 
me to denote two electrical conditions very different from each 
other.(b) By the term tension (or any meaning I can attach to it) 
appears to be understood polarizing power, transferring force, 
capability of passing, a forcible stretching or expansion from 
the centre towards the circumference ; and this appears to me to 
apply admirably to the nature of ordinary electricity, as obtained 
from the prime conductor, electricity of high tension.” (e) 
But by the term intensity I should understand condensation, or 
concentration from the circumfcrence towards the centre, that of 
large quantity reduced to a very small compass, thus a burning 
lens condenses the rays of the sun, so as to bring them toa 
focal centre, where the highest degree of intensity of heat is 
experienced. This property is also exhibited by the quantity 
voltaic battery, where a fine platina wire is interposed in the 
current, it becomes immediately red hot, and is retained at a 
red heat so long as the battery continues in action. The same 
may be said of the passage of an ordinary electrical battery 
charge, through such a wire, a large quantity of fluid is in this 
instance also compressed into the narrow limits of a small con- 
ductor, and exhibits its intensity by rendering the wire mo- 
mentarily red hot. If the quantity of fluid be augmented, or 
wire diminished, a greater intensity of effect will be the result, 
as shown frequently by fusion of the conductor. 


18. From this view of the subject, therefore, it would appear 
that intensity has nothing to do with the properties of a spark 
from an ordinary electrical machine. With a given quantity of 
electrical charge, the tension (or capability of passing) from the 
polarizing to the polarized body or surface, will be in ratio with 
the distance of the two polarized bodies. (a) Thus the tension 
(or passing distance) of contiguous polarization is atomic ; of a 
Leyden jar, under proximate polarization, the distance of the 
thickness of the glass; of the fluid from the prime conductor, 
under remote polarization, the distance of a body in which it is 
capable of inducing a given polarity ; of the fluid from a cloud 
(also under remote polarization) to the earth, &c. (b) Now the 
tension of all these electrical forces under similar circumstances, 
will be continually the same, according to the source whence 
each is derived. (c) Thus, if electricity be excited by a small 

ine, a spark of given dimensions will be the result in a 
given time, and it will be impossible to obtain from the same 
machine, under the same circumstances, a spark of greater mag- 
nitude. If a large machine also produce a given spark, a 
similar one may ca/cris paribus at any time be obtained. 
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(d) Charge a jar by means of the spark so obtained, which will 
now become its source, and the result will be a spark as just ex- 
hibited diminished at least to 1-20th of its original dimensions, 
and it is impossible, by any means, to obtain afterwards the 
fluid so polarised, in dimensions greater than that to which 
it is now reduced by polarization. (e) I doubt not, but fluid 
submitted to the influence of atomic polarization would, under 
the same circumstances, give atomic distances, which after- 
wards could not celeris paribus be increased. (f.) Combine a 
number of electrical machines, and an increase iu the quantity, 
and to some extent in the tension will be the result. (g) But the 
method by which the passing distance or tension of ordinary 
electicity is most considerably increased, after proximate polar- 
ization of that fluid, is by the combined influence of a number of 
polarized surfaces. If six insulated jars, connected by conduc- 
tors, so that the outside coating of the first shall communicate 
with the inside of the second, outer of second with inside of 
third, and so on throughout the series, be charged, by con- 
necting the first jar with the prime conductor, the outer coating 
of the last being in connexion with the negative conductors, an 
explosion from the inner couting of the first to the outer living 
of the last will take place about six times as far as from any 
two surfaces of a single jar by the ordinary method of discharg- 
ing. Tension, therefore, is diminished in ratio with the degree 
of contiguity of polarization, increased by quantity, and 
greatly increased by reciprocal polarization. 


19. In pursuing my experiments, I obtained permission to 
make use of the large plate machine in the Manchester Royal 
Victoria Gallery ; a plate whose diameter is about five feet, 
having four rubbers, and considered a first rate machine ; sparks 
of ten inches in length may be readily obtained from the prime 
conductor when in good order. On attempting to decompose 
water by the current alone (as hereafter) with this machine, 
I was exceedingly surprized to find little, if any, more gas 
eliminated from the poles than could be obtained by my own 
machine, the cylinder being only fourteen inches in diameter. 
I have since been led to the conclusion, that probably the thick- 
ness of the glass in the electrical machine, determines the pass- 
ing distance, or tension, momentive force, and size of spark, 
(see 14.) 


One surface of the glass receiving, by friction, an encreased 
uantity of electric matter not naturally belonging to it, in- 
dice polarization of the molecules” (Dr. Faraday) through- 
out the whole substance of the glass, and causes the develope- 
ment of free, undisguised fluid on the opposite surface. If the 
electricity be now collected from the latter surface, the electric 
would be left in the condition of a charged Leyden jar; one 
surface positive and one negative. 


* 
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But if the fluid be collected from the charged surface alone, 
(asis usual,) the disturbed fluid at the opposite surface, toge- 
ther with the forced condition of the molecules, would conjointly 
tend to induce the removal of the fluid from the charged surface 
with a force in ralio with the amount of polarized molecules, 
or thickness of the electric which they compose. (see 14. 19. g.) 


20. Apply these ideas and facts to voltaic electricity. It is 
produced and stil continues under the influence of atomic polar- 
ization. Take one pair of plates, for instance, the passing dis- 
tance is atomic. By increasing the size of the plates, as in the 
quantity battery, or adding a number of plates in which there 
shall be a connection of all the zinc together, to form one pole, 
and of all the copper plates to form the opposite pole, the 
quantity shall be much imcreased, and the tension or passing dis- 
tance slighily so. (17.f.) But if (as is well known) a number of 
alternations of plates be so arranged, that the first positive plate 
(the copper one) be in conducting communication with the 
second negative one, (zinc) a non-conducting medium be inter- 
posed between the two, the second plate with the third negative, 
and so on through the series, by which the various alternations 
are placed in the most advantageous position for aiding and 
assisting each other, (reciprocal polarization, ) a considerable in- 
crease of tension, or passing distance, will be the result; a few 
alternations will readily manifest the electric spark, and a very 
large number exhibit electric attraction and repulsion, and pro- 
duce a brilliant spark, attended with the most splendid exhibi- 
tion of electric light in existence, and with a tension equal to 
about 1-30th of an inch in cold, and three or four inches in 
heated air. (17. g.) With these views I proceeded to the pruc- 
tical application of the subject. 


On the Analogy of Ordinary and Voltaic Electricity. 


21. Finding that ordinary electricity, under the influence 
of proximate polarization, approaches nearer in character to 
the voltaic than any other modification, I proceeded to de- 
compose water by means of an apparatus in which the princi- 
ple of the Leyden jar formed the most prominent feature. I at 
first made use of uncoated wires, as in the experiment by M. 
M. Paets, Van Troostwyk, and Deiman, and although bubbles 
of gas did make their appearance upon the platina wires, there 
is every reason to believe them to have consisted entirely of car- 
bonic acid gas, since the water made use of at that time was 
pump water, and the gas ceased to make its appearance after a 
very short period. Very shortly afterwards I coated fine platina 
wires (reduced to a moderately fine point) with glass, by insert- 
ing them in tubes, and melting the glass around, and grinding 
whilst the point appeared, &c., as in Wollaston’s experiment. 
After several trials, Í found na one Leyden jar insulated, its 
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internal being in communication with the pesitive, and its ex- 
ternal with the negative conductor. produced the greatest 
quantity of gas. one pole being connected to the outer coating, 
and a wire from the other placed at such a distance from the 
knob of the jar, that the electricity would pass in small and very 
rapid shocks. By this means I obtained from one pole, on the 
14th of July, in about an hour, 2-3rds of an inch of gas ina 
small tube receiver; the quantity in the tube situated over the 
other pole did not at the close of the experiment contain near 
so much gas, but in testing the former by passing an electrical 
spark through it, it exploded, and left about one-third its origi- 
nal bulk, so that there would be probably (supposing the re- 
mainder to be hydrogen) two parts oxygen to seven hydrogen 
in the whole amount, i. e. (considering the whole to be nine 
parts) three remained and four hydrogen exploded, with two 
of oxygen. 


22. About the same period I completed an increasing battery 
upon the principle of the six jars already described, and by a 
little contrivance of two rotatory rods, A. B., from which pro- 
jecting wires alternately came in contact with and discharged 
the whole series, through the two guarded poles by shocks. . 
(1, 2, 3, 4, 5, 6.) By this means a very rapid decomposition of 
water was effected—two-thirds of an inch of gas in the hydro- 
gen tube could now be produced in from twenty minutes to half 
an hour, but by passing a spark, the instantaneous disappears 
ance of nearly the whole amount of gas in the tube was the 
result, shewing clearly that the decomposition was of mixed 
gases at each pole. I found, also, that the poles in this experi- 
ment had “no mutual decomposing dependence,” as stated by 
Dr. Faraday concerning the decomposition by Dr. Wollaston, 
and that any other conductor in connection with the outer coat- 
ing of the jar did not interfere with the formation of gas at the 
opposite pole; therefore each pole is of itself by shocks capa- 
ble of decomposing. (See now 43.) 


23. In pursuing the subject of proximate polarization, accord- 
ing to the rule of distance already laid down, I was in search for 
a material of nonconducting properties which would allow the 
two polarizing surfaces to approach as nearly as possible, and 
by this means I was in hopes that effects might be produced 
very much resembling those of the galvanic electricity. Indeed 
I was inciined at one period to imagine that no decomposition of 
water identical with galvanic could be obtained, unless we could 
subject the electric fluid to the atomic polarization. ‘The mate- 
rial which I fixed upon was the thinnest lamina of mica which 
it was possible to produce by slitting, as is usual in microscopic 
experiments. I placed a small bit of tinfoil on its upper and 
under surface and charged it. On testing its puys olopa 

powers, I found that a quarter or half a turn of my machine 
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produced by this means a charge which shook the elbows vio- 
lently. The power, indeed, of the machine appeared consider- 
ably heightened in contrast with the effects of the thinnest 
charged phial I could meet with. The very smallest distance 
of break in the circuit (apparently contact) at which a ball 
could be placed from the positively charged coating, gave con- 
stant shocks and sparks between the balls, sothat here we have 
an excellent illustration ef one of the propositions where it is 
stated (14.) that proximate polarization diminishes the tension of 
the machine, one-twentieth or more. The prime conductor from 
which this was charged will at any period (when in moderate 
order) give sparks from two to three inches; but by being in 
contact with two almost contiguous polarizing surfaces, the 
spark will not pass the 1-100th of an inch until the mica be 
charged, and it is only the distance now which the so charged 
mica has tension enough to pass which regulates the period of 
discharging. 

24. By the polarized mica and guarded platina poles, I suc- 
ceeded in decomposing water apparently much more rapidly 
than by any other means. By an experiment with a given pass- 
ing distance of two balls (3-10ths inch apart) the charge of a 
jar exploded by one turn of the machine, and with the same 
distance (the jar being removed) twenty sparks passed in one 
turn with the same apparatus, but a very fine lamina of mica 
being interposed instead of a jar, the discharge would not pass 
at all, and in six turns the lamina was pierced by explsion and 
destroyed. With the mica I obtained eight distinct shocks, felt 
m one finger of each hand up to the wrist, during one turn— 
the passing distance being about 1-50th of an inch. 


25. With the Leyden jar instead of the mica, (the jar being 
1-20th inch thick) I placed the balls at a distance apparently 
imperceptible, perhaps 1-80th inch, and obtained distinct 
shocks, and this afterwards by contact, the lacquer of the balls 
alone intervening. In this last experiment we learn that polar- 
ization of glass can be effected to a much greater distance than 
discharge through air; the fluid will more readily polarize to 
the distance of 1-20th inch than pass 1-80th, or even the dis- 
tance of the lacquer covering the balls. 


26. On the 21st of July, I passed 3-4ths inch sparks through 
the decomposing apparatus, and obtained a decomposition of 
water, but on contrasting it with the quantity obtained through 
the medium of a small Leyden phial, the discharges occurring 
as frequently as the sparks for a given number of turns of the 
machine, I obtained about double-sized globules of gas, from 
the discharges of the phial, to what were obtained by the sim- 
ple spark alone. When the spark was made use of no star ap- 
peared upon the apex of the pole, as is always the case when 8 
Leyden discharge is made use of. Upon attempting to decom- 
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pose by the current alone without any break in the circuit, and 
with the poles as yet made use of, no gas made its appearance at 
either pole. It may be well here to remark that through a fine 
platina point, in which the electricity is forcibly confined to the 
limits of the most minute conductor, if an attempt be made to 
pass a shock of any magnitude, the constricting portion of glass 
is instantly and forcibly removed, and the platina laid bare for 
a considerable portion of its length, so that the pole by this 
means becomes utterly useless. 


27. From the results of these experiments the idea suggested 
itself that a twofold condition of each pole, one during, and 
the other instantly after, the passage of the electric discharge 
of spark or shock might occur, and by this means be the 
reason why oxygen and hydrogen were found products from 
each pole. This idea was also somewhat strengthened by find- 
ing that Dr. Faraday discovered a two-fold condition of an 
electro-magnetic wire, and opposite effects from the same, 
upon making or breaking contact see series ist—(11, 14, 15, 
Kc.) „The slight deflection (says he) of the needle occurring 
at the moment of completing the connectien, was always in one 
direction, and the equally slight deflection, produced when the 
contact was broken, was in the other direction.” To prove the 
same by experiment I first charged a jar, insulated as usual, and 
connected to the positive and negative conductors, having first 
appended a wire pole to each coating, terminating in a ball, and 
about three-quarters of an inch apart, and to and at the end of 
the negative, a slender wire terminating in a pith ball. The 
ball was repelled from its perpendicular by excited wax until 
the discharge passed, when it was instantly attracted and re- 
tained (still out of its perpendicular) by the wax for a short 
period, thus manifesting a negative state of the negative pole, 
during the charge, and a positive or natural state of the sume 
during, or instantly after, the passage of the contents of the jar. 
Inext suspended a pith ball by a glass thread in the vicinity of 
the negative pole of the jar; during the charging of the jar the 
ball adhered firmly to the termination of the pole, but instantly 
on discharging the jar, the pith ball forcibly separated, and 
was repelled toa distance, and found to be attracted by excited 
sealing wax. By this experiment also, a two-fold condition, 
first negative and then positive, of the pole in contact with the 
outer coating of the jar, is pretty fairly exhibited. Finally, I 
procured an electroscope, (a pith ball terminating the extremity 
of a fine glass filament, which filament was supported by a 
needle point, insulated, and thus allowing the rotation of the 
filament upon its axis), this I arranged between the two termi- 
nating balls of the Leyden jar—the ball of the electroscope be- 
came positively electrified and pointed constantly to the nega- 
tive terminating ball during the charging of the jar—but in- 
stantly on the explosion taking place, the pith ball was repelled 
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towards and attracted by the positive terminating ball, some- 
times as near as possible, but contact was purposely prevented; 
This was invariably the case during a dozen or more repetitions 
of the experiment. Upon applying excited sealing wax the pith 
ball was attracted strongly, shewing the same to be positively 
electrified. In all these experiments the ball was first attracted 
to the positive pole—it then receded a little until the residuum 
was discharged, after which a permanent attraction was the 
result. The most rational method of accounting for the alter- 
nately opposite electrical condition of each pole is by supposing 
the charge to pass in a globular volume. Thus: 


Fig.l, pp P. n np 
Fig. 2, pp. n P Dp 


— 


By the Franklinian hypothesis. 


During the passage of the charge at the termination of the 
positive pole p. the opposing end of the negative pole n. would 
be negatived by the polarizing influence of p. But the moment 
the charge arrives at n (represented by p. fig. 2) the termina- 
tion of the positive pole would be negatived by the inductive 
mfluence of the charge at p. fig. 2. 


28. If, then, the poles of a Leyden jar be alternately positive 
and negative, or negative and positive, which has been already , 
seen,there is no difficulty in explaining why oxygen and hydrogen 
“pati are formed at each pole, and independently of each other. 

f it is found that the negative pole of a voltaic battery invari- 
ably sets at liberty hydrogen gas—the positive pole oxygen, and 
each pole of the Leyden jar be alternately negative and positive, 
or vice versa, the {decomposition by the latter with mixed 
hydrogen and oxygen gases at each pole, is identical with the 

rineiples of decomposition exhibited by the voltaic apparatus; 
or if from each pole a single gas should be alone obtained, the 
pole itself being continually changed, the effect would be indeed 
“different from that of the galvanic phenomena.” It appears, 
therefore, that by the use of sparks or shocks, or indeed any 
break in the electrical current, we do not produce a decom- 
posing effect truly identical with that of the voltaic battery, 
there being mixed gases eliminated by each pole. 


(To be continued.) 


14 Lale al Force of Electricity 


An Investigation of the Lateral Explosition, and of the Elec- 
tricity communicated to the Electrical Circuit, in a Dis- 
charge. By Josepu PRIksTLEV, LL. D., F.R.S. From the 
Phil. Trans. for the year 1770. 


Several years before Dr. P. made any experiments in elec- 
tricity, except with a view to amuse himself and his friends, he 
had observed, that in discharging jars, and particularly such as 
were filled with water, without any coating on the outside, he 
felt a slight shock; though it was plain that the hand in which 
he held the discharging rod made no part of the circuit. Mr. 
Wilson, also, in his first experiments on the Leyden phial, ob- 
served, that bodies placed without the electric circnit would be 
affected with the shock, if they were only in contact with any 
part of it, or very near it. Analogous to this was his observa- 
tion, that if the circuit was not made of metals, or other very 
good conductors, the person who laid hold of them, in order to 
perform the experiment, felt a considerable shock in that arm 
which was in contact with the circuit. See History of Elec- 
tricity, p. 95. Lastly, in the course of his experiments with 
large electrical batteries, he found the force of this lateral ex- 
plosion, as he calls it, to be very considerable: for he several 
times observed, that a chain which communicated with the 
outside of the battery, but which made no part of the circuit, 
made a black stain on a piece of white paper, on which it acci- 
dentally lay, almost as deep as the chain that formed the cir- 
cuit. (History, p. 644.) And when, in order to judge, by his 
feeling, of the lateral force of electrical explosions, he made it 
pass over a part of his naked arm, the hairs of the skin were all 
singed, and the papillæ pyramidales raised, not only along the 
path of the explosion, but also wherever any part of the chain 
had touched it, though not in the circuit. Ib. p. 686. 


It was to ascertain the nature and effects of this lateral ex- 
plosion, that the following experiments were made. Not having 
the least doubt, but that if any electric spark passed between a 
body that was insulated, and another, the insulated body would 
appear, either to have received or to have lost electricity ; he 
imagined that nothing more was to be done than to. insulate 
bodies placed within the influence of the electric circuit, with 
pith balls hanging from them; and on their diverging with the 
electric spark, immediately to observe of what kind the electri- 
city they had contracted was; and previous to the experiment 
he conjectured it would be negative ; supposing that the dis- 
charge from the inside coating, in an interrupted circuit, was 
not able to supply the outside fast enough. And since the 
larger the insulated body was, the greater quantity of the elec- 
tric fluid it was capable of receiving, or parting with, and con- 
sequently the more sensible the effort would be; he began with 
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suspending on silken strings, a pasteboard tube, covered with 
tinfoil, 7 feet long and 4 inches thick, with large knots at 
each end; and a brass ball (at the end of an iron rod, which 
communicated with the outside of the jar) was placed within 
about a quarter of an inch of it; while the discharge was 
made through an insulated interrupted circuit, no part of 
which was less than two feet from the insulated tube. On 
making the explosion, the spark appeared as he expected ; but 
to his great surprise, he could not find that either positive or 
negative electricity was communicated to the insulated tube. 
Neither the pith-balls, nor the finest threads diverged, or 
moved in the least, at or after the discharge; though, every 
thing else remaining in the same state, the least sensible electri- 
city communicated to this tube (a quantity so small as hardly 
to be visible, in the form of a spark, at the time of the com- 
munication) made the balls and the threads separate to a great 
distance, and would have kept them ina state of divergency 
more than an hour. Lest a small degree of motion or diver- 
gency should escape notice while he was intent on making the 
discharge, he had an assistant along with him, whose eye was 
on the threads all the time the Dr. was making the experiment. 


The experiment, as will easily be imagined, shook his whole 
hypothesis, and confounded all his ideas. He could not ques- 
tion the fact, having repeated the experiment, with precisely the 
same event, above fifty times, on account of having been hardly 
able to believe his own senses, or those of others There was 
an evident electric spark, sometimes near half an inch in length, 
between the bodies composing the electric circuit and the insu- 
lated tube, in such a state of the air as he knew, by frequent 
trials, would have kept it electrified a long time, and yet there 
was no communication of electricity. He did not remember 
that he was ever more puzzled with any appearance in nature 
than he was with this; and in the night following these ex- 
periments endless were the schemes that occurred to him of 
accounting for them, and the methods with which he proposed 
to diversify them the next morning, in order to find out the cause 
of this strange phenomenon. Accordingly, he was no sooner at 
liberty to attend to this experiment, but repeating it with some 
difference in the disposition of the apparatus, he observed that 
on every discharge a slight motion was given to the threads 
that hung from the insulated tube. On this the impossibility 
of an electric spark, neither giving nor taking anything from 
an insulated body, contrary to his most attentive observation, 
and that of his assistants, he concluded that some motion must 
have been given to the threads the day before ; especially when 
he found that in these later experiments the communicated 
electricity was always positive, the same with that of the inside 
of the jar; but the quantity of it was so small, that the most 
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exquisite contrivance was necessary to ascertain the nature of 
it; for though on this occasion the lateral spark was near a 
quarter of an inch in length, the threads on the insulated tube 
could only be made, by the explosion, to change their position, 
from leaning a little one way, to leaning as much the other, in 
the neighbourhood of an insulated brass rod, loaded with a 
small quantity of positive or negative electricity. 


Dr. P. could not help, however, being surprized that so large 
a spark should give no more electricity to the insulated tube 
than it appeared to have done; when, in other circumstances, 
a spark ten times less than this would have made a great and 
permanent alteration ; yet improbable as these circumstances 
were, he entertained no doubt at that time, but that these insu- 
lated bodies were electrified, either positively or negatively, ac- 
cording as the inside of the jar was positive or negative, by this 
lateral explosion, though the degree was exceedingly small, and 
he continued in this persuasion the longer, as it happened to be 
a considerable time before he got another spark that communi- 
cated no sensible electricity. Dr. P. cannot help taking notice, 
that if it had happened, that in his first experiment the insu- 
lated tnbe had always acquired or lost the least sensible elec- 
tricity, (and as he afterwards found there were many chances 
against the first result,) he shculd have formed, and have ac- 
quiesced in, some sort of hypothesis, to account for the giving 
or receiving of electricity in those circumstances, and there the 
business would have ended, but the seeming contrariety of these 
appearances obliged him to pursue them further. 


Not being able completely to satisfy himself with his last con- 
clusion, attended with the difficulties above mentioned, he kept 
diversifying the experiments, and introducing every circum- 
stance that he could imagine might possibly affect the result of 
them, and among the rest, he made the following experiments 
which quite unhinged him again, and left him as aach at a loss 
as ever he had been before. Having suspended a fine thread 
on an insulated brass rod placed about 1-8th of an inch from 
another rod, which was likewise insulated, and one end of which 
was in contact with the coating of the jar, and having electri- 
fied the rod that supported the pith-balls, and placed a rod 
loaded with the same electricity near them, he observed that 
on every discharge, the balls, which before were repelled, were 
instantly attracted by the electrical rod, and that the result was 
invariably the same whether they and the rod were loaded with 
positive or negative electricity, and also whether the jar was 
charged positively or negatively. He repeated the experiment 
for several hours without the least variation in the event, which 
clearly proved that in these circumstances the electricity of the 
rod that received the lateral explosion was discharged by it. 


Afterwards, Dr. P. repeated this experiment with some little 
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variety, and found the electricity of the rod only lessened by 
the lateral explosion. These experiments, however, by no 
means favoured the supposition of the uniform communication 
of electricity, either that of the inside or that of the outside of 
the jar: and together with the former experiments, convinced 
him that this lateral spark by no means produced the effect that 
might have been expected in communicating electricity. But 
with the next set of experiments the difficulty began a little to 
clear up, and continued to do so gradually, till he gained all the 
satisfaction he could wish for, with respect to this puzzling 
phenomenon. The first time that he was able to vary the elec- 
tricity of the insulated body placed near the electric circuit, or 
of the bodies that fermed the circuit, (which he now began to 
attend to,) by any different adjustment of the apparatus, was 
on the following occasion. 


Near to an iron rod, that touched the bottom of a jar charged 
positively, he placed another insulated rod, with a pair of pith 
balls hanging to it; and observed, that when he attempted to 
make the discharge through an imperfectly conducting circuit, 
(bringing for instance, part of the table into it), a strong spark 
passed between the insulated rod and the other that touched the 
jar, and immediately the balls separated as far as they possibly 
could ; and, continuing in a repulsive state, appeared to be 
electrified negatively. But immediately completing the circuit 
with good conductors, and making the remainder of the explo- 
sion in full spark ; another spark passed between the two rods, 
and immediately the balls fell close together again ; and some- 
times would separate with the opposite, or positive, electricity. 

Dr. P. could not, on this occasion, make the lateral spark, in 
the full explosion, so great as in the imperfect discharge. He 
also observed, that the more interrupted the circuit was, the 
farther would the lateral explosion reach ; and that the electri- 
city, which the full explosion communicated, was always posi- 
tive when the jar was charged positively, and negative when it 
was charged negatively. The result of the imperfect discharge 
was always the reverse. Insulating several bodies, and the jar 
too, charged positively, they all equally contracted positive 
electricity by the discharge. 

In this state of the experiments, he had no idea of the possi- 
bility of the lateral spark not communicating electricity to the 
insu body ; but he imagined that the kind of electricity 
communicated depended on some circumstance in the disposi- 
tion of the apparatus, that he was not sufficiently aware of. At 
length recollecting, that this last experiment resembled, in some 
respects, that curious one of Professor Richman, mentioned in 
the History of Electricity, p. 272, in which it appeared, that 
when the coating of either side of a plate of glass communi- 
cated with the ground, the opposite electricity of the other side 
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was more vigorous ; he was satisfied that the negative electricity 
of the bodies that formed the circuit in the imperfect discharge, 
was produced by the greater difficulty with which the outside 
of the jar was supplied, than the inside was discharged ; so that 
the outside was comparatively in a state of insulation, and 
therefore would communicate negative electricity to all bodies 
within its reach. And from this he was led to conclude, that, 
provided the jar was insulated, and the inside was made to part 
with its electricity with more difficulty than the outside re- 
ceived it, the bodies that formed the circuit would contract 
positive electricity ; and the result answered exactly his expec- 
tations. He also concluded, that, making the interruption in 
the middle of the circuit, since, in this case, the inside would 
give, and the outside receive, with equal difficulty, the bodies 
in the circuit, places between the place of interruption and the 
inside of the jar, would be charged positively ; and those placed 
between the place of interruption and the outside, would be 
charged negatively ; and this also was verified by experiment. 


In this state of things, Dr. P. found that he could give the 
insulated circuit what kind of electricity he pleased, provided 
there was any kind of interruption in some part of the cir- 
cuit ; and conjecturing that the electricity of bodies placed near 
the circuit would be the same with that of the bodies that com- 
posed it, he sometimes placed the rod that supported the pith 
balls near the circuit, and sometimes introduced it into the 
circuit ; and found, that, in both cases, it contracted the same 
electricity. This tended to confirm him in the supposition, that 
the Jateral explosion was always attended with a giving or re- 
ceiving of electricity, according to the nature of the circuit, 
and the place where it was situated, and he again overlooked 
the disproportion between the cause and the effect. 


Presently after this. it occurred to him, that what may be 
redundant electricity of the outside or inside of the jar, sepa- 
rates from that which is in the glass, and constitutes the charge, 
must have some concern in this event ; and the supposition was 
verified by fact. For insulating a jar, charged positively, he 
observed, that when he touched the outside coating last (as is 
commonly done in setting it down) and made the discharge 
through good conductors, they were all electrified positively; 
and bodies placed near the circuit were the same. On the con- 
trary, if, after placing the jar on the stand, he touched the 
knob of the wire, communicating with the inside, so as to take 
off all its redundant electricity ; both the circuit and the neigh- 
bouring bodies contracted negative electricity. 

Dr. P. had at this time quite forgot that Epinus had made 
the same observation, on discharging a plate of air, mentioned 
in the History of Electricity, p. 272 ; but considering what he 
says on that subject, he found he was mistaken with respect to 
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the reason of this experiment not succeeding with Dr. Franklin 
and others, who had always asserted, that the electric circuit 
contracts no electricity at all by a discharge. For he says, 
that the surfaces with which the doctor tried the experiment, 
were not large enough to make the effect sensible ; and that the 
distance of the metal plates was likewise too small, as, he says, 
it necessarily must be in the charging of glass: whereas he 
could give the insulated circuit as sensible electricity with a 
common jar, as he could with his plate of air; and much more 
depends on the height of the charge, which must have been 
inconsiderable in the plate of air, than the quantity of surface ; 
which, however, may be increased at pleasure, by multiplying 
jars in batteries. 


He found, however, afterwards, that much depended dn the 
quantity of surface in the coating, and the bodies connected 
with them, as containing more of that redundant electricity, 
the effect of which was seen in the last mentioned experiment. 
For when he discharged the jar, standing in contact with the 
prime conductor, the tendency tothe communication of positive 
electricity was so great, that, in that situation, the insulated 
circuit contracted strong positive electricity, when, every thing 
else remaining the same, except removing it from the con- 
ductor, and then making the discharge, it contracted no elec- 
tricity at all. 

Being now perfectly master of the electricity of the circuit 
in electrical explosions, and being able, in two different me- 
thods, to give which of the two electricities he pleased ; he 
imagined that, if he could so balance them, as to communicate 
neither, there would be no lateral spark, as in the abovemen- 
tioned experiments ; but in this he was absolutely mistaken. 
For, in the first place, when, after setting the charged jar upon 
the stand, he took off, as near as he could guess, one-half of 
the redundant electricity of the inside, and left both sides 
equally electrified (as appeared by the equal attraction of the 
pith balls to them both), the discharge of the jar through a 
circuit of good conductors did not, indeed, communicate the 
least sensible electricity to the circuit, but the lateral explosion 
was almost as manifest as before. The pith balls, hung upon 
the rod that received it, never separated. In the next place, 
he repeated this experiment by balancing the two different 
methods of communicating electricity to the circuit, one against 
the other. For, not insulating the jar, but setting it on the 
table, which gave the circuit and the bodies contiguous to it an 
advantage for contracting positive electricity by the discharge ; 
but, at the same time, making an interruption in the circuit (by 
introducing part of the table into it, which tended to give them 
negative electricity) ; he could easily manage it so, that the 
circuit contracted neither the one nor the other; and yet, as in 
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the former case, the lateral explosion was as considerable as 
ever. The balls never separated. 


To vary this experiment, he placed an insulated brass ball, two 
inches in diameter, round and smooth, so as not easily to part 
with any electricity it had got, in the place of the rod that 
supported the pith balls; and having found a situation in which 
no electricity was communicated to the circuit, he observed that 
none was communicated to it, though, to all appearance, it re- 
ceived a spark of about } of inch in length. At least, if it had 
contracted any, it was so little, as to make it very problemati- 
cal, whether a pith ball, or a fine thread, was moved by it, or 
not: whereas, when he gave it the smallest sensible spark in 
any other manner, it would attract those light bodies for a long 
time together. The interruption of the circuit made use of in 
this experiment, was not by means of any part of the table, but 
only about a yard of brass chain introduced into it, and dis- 
posed between the inside of the jar and that part of the circuit 
near which the insulated ball was placed. N.B. The ball must 
not be placed near the jar itself; for, in that situation, he found 
that, though it was very smooth, and perfectly spherical, yet it 
could not be placed very near the outside of the jar standing on 
the table, without contracting negative electricity, in a very 
small space of time. 


These experiments threw him back into his former state of 
perplexity, with respect to the lateral spark; since, when the 
two electricities of the circuit were exactly balanced, it was very 
little diminished, and yet the body that received it was not in 
the least sensibly electrified. But, on reflection, he concluded, 
this lateral spark must be of the nature of an explosion, and 
consequently, that an electric spark must enter, and pass out 
again, within so short @ space of time, as not to be distinguished, 
and leave no sensible effect whatever: for though, in this case, 
part of the electric matter natural to the body must be repelled, 
to make room for the foreign electricity, its restoration to its 
natural state was so quick, that no other motion could corres- 
pond to it. This hypothesis is favoured by the observation, that 
it is the very same thing, whether a body be introduced into a 
circuit, or placed near it, with respect to contracting electricity ; 
that is, whether the electric charge enter the body at one place, 
and go out at another, or whether it be received and emitted at 
the same place. This lateral explosion is an effect similar to a 
partial circuit, in which, part of the electric matter that forms 
the charge in an explosion, goes one way, while the rest of the 
charge goes another ; the only difference is, that this detached 
part of the charge leaves the common track, and returns to it 
again, in the very same place. 


Several remarkable partial circuits occurred in the course of 
his experiments before, particularly one, mentioned in the His- 
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tory of Electricity, p. 692, in which, part only of the explosion * 
passed in the shortest way, while another part of it took a cir- 
cuit, consisting of the same materials, 30 times as long; and 
another, mentioned, p. 691, where one circuit was made through 
a thick rod of metal, and another, at the same time, through 
the open air. 


That there is an admission and an explosion of the electrc 
matter, in this lateral explosion, seems evident, from this cir- 
cumstance, that it is far more cunsiderable when the body that 
receives it is large, than when it is small. Inthe former case, 
there is room for the electric matter, natural to the body, to 
retire, on the admission of the foreign electricity belonging to 
the charge ; whereas, in the latter case, there is not room for 
it. When he placed a small brass ball, of about a quarter of an 
inch in diameter, near the circuit, he could not perceive that it 
was at all affected by any lateral explosion; and the spark was 
very inconsiderable, when he placed a needle, about two inches 
in length, to receive it; but when he connected the large tube 
above mentioned, by means of a pretty thick iron wire, or any 
body whatever, placed in the neighbourhood of the circuit, he 
had (with a jar of only half a square foot of coating glass) made 
the lateral explosion, an inch or more in length, consisting of a 
very full and bright spark of electric fire. Insulated bodies, of 
about eight or nine feet in length, seem to admit as large a 
lateral explosion as any body whatever is capable of: for, con- 
necting them with the ground, by means of the best conductors 
(which gave the electric matter in the bodies, the freest recess 
possible) he could never make this explosion much more con- 
siderable, using the same jar, and all other circumstances the 
same. 

It is a manifest advantage in these experiments, that the 
lateral explosion be not taken from the coating of the jar itself, 
or from any part of the circuit, very neartoit. He found that, 
ceteris paribus, it is the most considerable when taken at the 
extremity of a brass rod, of one foot, or a foot and a half long, 
the other end of which is contiguous to the jar. It is analogous 
to this, that the longest spark is taken, not from the body of 
the prime conductor itself, but at the extremity of a long rod 
inserted into it. The electric matter seems fo acquire a kind 
of impetus by the length of the medium through which it 
passes. But he found that tne maximum, in this case, did not 
exceed, or rather, that it did not quite reach, three feet ; for, 
making use of a thick iron rod, eight or nine feet long, the 
lateral explosion, taken at the extremity of it, was about the 
same, as when it was taken at the end of arod four inches 
from the jar; and not half so considerable as when taken at 
the extremity of a rod one foot long. This, he imagined, might 
be owing to the obstruction which the electric fluid meets with 
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in passing even through metals’; which appears. by his former 
experiments, to be much more considerable than was generally 
imagined. 

On the whole, this remarkable experiment seems to be made 
to the most advantage in the following circumstances. Let the 
jar stand upon the table; let a thick brass rod, insulated, stand 
contiguous to the coating ; and, near the extremity of this rod, 
place the body that is to receive the explosion. This body 
must be 6 or 7 feet in length, and, perhaps, some inches in 
thickness, or be connected with a body of those dimensions. 
Lastly, let the explosion be made with the discharging rod rest- 
ing on the table, close to a chain, the extremity of which 
reaches within about an inch and a half of the coating of the 
jar. In this case, the operator will hardly fail of getting a 
lateral explosion of an inch in length; which shall enter and 
leave the insulated body, without making any sensible altera- 
tion in the electricity natural to it. 


With large jars, containing 3 or 4 square feet of coated glass, 
bearing a very high charge, Dr. P. makes no doubt but that 
this experiment might be made to much more advantage ; but 
at the time he was engaged in this investigation, he happened 
not to have any such jar, and therefore only used one that con- 
tained half a square foot of coated glass. If the interruption in 
the circuit, which is almost necessary in these experiments, be 
made by introducing a length of chain into it, rather than by 
making part of the explosion pass along the tube, there isa 
medium in the length of chain, that answers better than either a 
‘longer or a shorter circuit. In a long interrupted circuit, the 
electric matter seems to lose the impetus which it discovers in a 
short one. In all these cases, the electric charge seems to remain 
for a moment in the parts of the interrupted circuit ; and there- 
fore instantaneously rushes, in all directions as well towards 
bodies that are not placed along ita passage to the jar, as those 
that are; but, when the same charge occupies a larger circuit, 
it has more room to expand itself, and is not so strongly im- 
pelled to desert it. He found, however, by repeated trials, that 
when he made use of three yards of brass chain in the circuit, 
there was a distance to which the lateral explosion would not 
reach. The same distance it also would not reach, when the 
circuit consisted of only one brass rod; but it reached it with great 
ease, when only half a yard of chain was used; even without 
any other interruption in the circuit. But it reached to a much 
greater distance, when the chain was very short, and the inter- 
ruption was greater in other respects. 


Dr. P. had imagined, that, since the body which had received 
the lateral explosion, contained, for a moment, more than its 
natural quantity ; that if it were acutely pointed, some would 
escape, and that on the return of the explosion, the body would 
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be exhausted; but he found no such effect, though he affixed 
fine needles to the bodies he made use of. The lightest pith 
balls placed near the extremities of these needles, were not in 
the least affected by the explosion. When he placed a number 
of brass balls, one behind another, the lateral explosion passed 
through them all, being visible in the intervals between each of 
them, and returned the same way, leaving them all in the same 
state in which it found them ; and a great number of lateral 
explosions might be taken at the same time, in different parts 
cf the circuit, some of them very near one another. It made no 
difference, whether the lateral explosion was received on a flat 
smooth surface, or the points or fine needles. In both cases the 


spark was equally long and vivid. 


Dr. P. had no sooner completed these experiments on the 
lateral explosion, but he had a curiosity to see what kind of an 
appearance it would make in vacuo ; since no other phenomenon 
in electricity resembles it. In all other cases, the electric matter 
rushes in one single direction; whereas, in this, it goes and 
returns in the same path, and, as far as can be distinguished, at 
the same instant of time; so that all the difference of the two 
electricities, which are so conspicuous in vacuo, must here be 
confounded. Accordingly he found, though the pump was not 
in good order, that he could perceive this explosion in vacuo, 
at the end of rods, placed several inches asunder; and when 
they were brought within about two inches, they seemed to be 
joined by a thin blue or purple light, quite uniform in its ap- 
pearance. As these rods were made te approach, this light 
grew denser ; but still exhibited no such variety, as is observed 
between the bodies that give and receive electricity, in the 
common experiments in vacuo. 


Dr. P. was pretty soon convinced, that uncoated jars could 
not be used to any more advantage in these experiments, than 
those that were coated ; since the want of coating only operated 
as an interruption in the circuit, occasioning a difficulty in the 
admission of the charge on the outside of the jar. And, in all 
cases, the greater this difficulty of passage was made, provided 
the discharge was made at once, the more considerable was the 
lateral explosion, and the greater shock was given to the hand 
that held the discharging rod ; which shock was nothing more 
than one of these lateral explosions, issuing from the rod as 
part of the circuit. He concludes the account of these experi- 
ments with observing, that they may possibly be of someuse in 
measuring the conducting power of different substances ; since, 
the greater is the interruption in the electric circuit, occasioned 
by the badness of its conducting power, the more considerable, 
ceteris paribus, is the lateral explosion. 
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On the Appearance of Lightning on a Conductor fixed from the 
Summit of the Mainmast of a Ship down lo the Water. By 
Capt. J. L. Winn. From the Phil. Trans. for the year 1770. 


Capt. Winn says he was never without a conductor in his 
ship. He had them of various constructions: that which he 
last used was achain of copper wire, down by the outside of the 
ship into the water. That such a chain, so disposed, may con- 
duct the lightning, and prevent a stroke that might destroy a 
ship, has often been demonstrated ; but a circumstance that 
occurred in his last voyage, may perhaps have greater weight 
with some seamen, than all the reasonings of the electricians. 
If it should be a means of persuading them to make use of 
conductors, his intention will be answered, - 


In April last, as they approached the coast of America, they. 
met with strong south-westerly gales; they had continued 
several days, when exceedingly dark heavy clouds arose in the 
opposite quarter, forced against the wind till they had covered 
all the north-eastern half of the hemisphere : the struggle then 
between the two winds was very extraordinary ; sometimes one 
prevailing, sometimes the other. Captain W. was apprehensive 
they should have much lightning, and got his conductor in 
order ; when, in hauling up the mainsail, the sheet block struck 
violently against the back-stays, to which the chain was fastened, 
and, as he found afterwards, broke the latter, which occasioned 
the phenomenon described below. It was near midnight, and 
very dark, when he first observed a pale bluish light a few feet 
above the quarter rail: at first he thought it proceeded from the 
light in the binnacle ; but finding that it frequently disappeared 
and returned again precisely in the same place, and that it some- 
times emitted sparks not unlike those of a small squib, he began 
to suspect that it pore from the conductor. To be cer- 
tain, he ordered all the lights to be put out below, and that no 
rays of light might issue from the binnacle, he covered it en- 
tirely with his cloak. He was presently confirmed in his con- 
jecture, that the light and sparks proceeded from the chain ; 
for, placing himself near it, during the space of two hours 
and a half, he saw it frequently emit continued streams of 
rays or sparks; sometimes single drops as it were slowly suc- 
ceeding to each other, and sometimes only a pale feeble light. 
On examining next morning, he found the chain broken a little 
above the ship's gunwale, half the eye of each link being quite 
gone, and the points of the remaining halves about three-fourths 
of an inch asunder ; luckily the chain was fastened to a smaller 
rope above and below the eye of each link, which prevented 
that part of the chain below from falling into the water, or of 
being separated from the part above, beyond the striking or 
attracting distance. 
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On the Method of obtaining True Flat Metallic Surfaces, inde- 
pendently of the usual Operation of Grinding. By Joskrn 
HITWORTH, Esg.’ 


Before proceeding to the particular consideration of our 
present subject, it will be proper to premise a few general re- 
marks, for the benefit of those to whom it may be now for the 
first time presented. 


It is necessary to form a distinct idea of what is meant by a 
true surface. Strictly speaking, it is a surface of which all the 
points are in the same plane—that is, on the same level—and 
which is, therefore, in no degree either round or hollow, but 
perfectly flat. Supposing two such surfaces applied together, 
they would touch at every point throughout. Now, it will be 
easily understood, that in various operations it becomes a matter 
of the greatest importance to obtain a surface of this kind. If 
it is required to fix anything perfectly horizontal or perpendi- 
cular, or at any inclination with great nicety, this cannot be 
done without the aid of a flat surface to serve as a guide, nor 
without the means of forming such surface on the materials 
sa ga Again, in the case of metallic surfaces working to- 
gether—want of truth is attended with various evils. The 
motion, instead of being in a straight line, undulates with the 
outline of the surface, and this will often entirely defeat the ob- 
ject proposed. The spaces between the parts in contact open 
throughout the slides a free communication, which it is in many 
cases essentially necessary to prevent. Thus, in the valves of 
steam engines, want of truth leaves the communication open 
between the two sides of the piston, and there is consequently 
a loss of power proportioned to the amount of error. Another 
and an universal consequence of error is, that the friction of the 
two surfaces, instead of being diffused throughout their whole 
extent, is collected at particular points, and hence they are apt 


. to gall, and become unfit for use. Nor is this all; the friction 


is not only unequally distributed, but also materially increased. 
The inequalities of the opposed surfaces create mutual obstruc- 
tion, and become clogged with particles of foreign matter. 


These considerations will suffice to show, that a true surface 
is an object of the greatest practical importance. But it will be 
at once perceived, that absolute truth is unattainable, and that 
we can only make such approximation as the means within our 
power will allow. Hence it becomes necessary to know where 
the practical limit lies, and what is the degree of truth which it 
may be desirable or possible to attain. There are a great 
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variety of tests applicable to surfaces, each of which will tell to 
a certain degree of nicety. There is, for example, the plumb 
line, the spirit level, the winding strips, and the straight edge. 
But the degree of truth which it is possible and in many cases 
necessary to attain, is far beyond the limits of these instruments. 
When applied to surfaces, they do not distinguish between the 
points in actual contact, and those which are extremely near— 
and hence a surface may seem to be perfect, though in fact it is 
full of inaccuracies. But if we substitute a true surface, of the 
same extent as that we wish to try, we obtain the means of 
testing it to the utmost degree of nicety. The method hitherto 
adopted, and still practised in preparing what are called true 
surfaces, is, after filing, to grind them with emery by rubbing 
one on the other. 

My present object is to show, that this process is not at all 
calculated to produce a high wos of truth, and that a method 
entirely different ought to be adopted in its stead. 


I have here two cast iron surface plates, which have been 
got up in the manner I shall presently describe. They possess 
a degree of truth far beyond what is generally attained. So 
rare, indeed, is it, that they have occasioned no little surprise 
to some of the most distinguished engineers and mechanicians 
of the present day. The effects, which, as | shall presently 
show, result from the truth of these surfaces, are till now almost 
unknown, and would a short time ago have been pronounced 
impossible. If one of them be carefully slided on the other to 
exclude the air, the two plates will adhere together with con- 
siderable force by the pressure of the atmosphere. 


The surfaces should be well rubbed previously with a dry 
cloth, till they are perfectly free from moisture, in order that 
the experiment may afford a fair test of accuracy. If any mois- 
ture be present, it will act like glue, and would cause adhesion 
to take place, supposing the surfaces to be much inferior. But, 
if they be perfectly dry, adhesion proves a high degree of truth , 
rarely attained. 


The experiment may be varied by letting one surface de- 
scend slowly on the other, and thus allowing a stratum of air to 
form between them. Before they come into contact, the upper 
plate will become buoyant, and will float on the air without 
support from the hand. This remarkable effect would seem to 
depend on the close approximation of the two surfaees at all 
points, without contact in any—a condition which could not be 
obtained without extreme accuracy in both. The escape of the 
remaining portion of air is retarded by friction against the sur- 
faces, the force of which nearly balances the pressure of the 
upper plate. os 


These surfaces were got up by means of filling and scrap- 
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ing alone, without being afterwards ground. The operation of 
scraping is but partially known, and has been adopted only as 
preparatory by grinding. In reference to both processes, a 
great degree of misconception prevails, the effect of which is 
materially to retard the progress of improvement. 


It will be evident, from a little consideration, that a true 
surface cannot be obtained by grinding. And, first, with re- 
gard to general outline, how is the original error to be got rid 
of? Let it be supposed, that one of the surfaces is concave, 
and the other a true plane. The tendency of grinding, no 
doubt, will be to reduce the error of the former; but the 
opposite error will, at the same time, be created in the true 
surface. It will further appear, that, if the original error be 
inconsiderable, the surfaces must receive positive injury from 
grinding. Certain parts are acted upon for a longer time than 
others. They are consequently more worn, and the surfaces 
are made hollow. If grinding be not adapted to form a true 

outline, neither is it to produce accuracy in the minuter 
detail. There can be little chance of a multitude of points 
being equally distributed under a process from which al par 
ticular management is excluded. To obtain any such result, it 
is necessary to possess the means of operating independently on 
each point, as occasion may require ; whereas grinding affects 
all simultaneously. If a ground surface be examined, the 
bearing points will be found lying together in irregular masses, 
with extensive cavities intervening. An appearance, indeed, of 
beautiful regularity is produced; and hence, no doubt, the 
universal prejudice so long established in favour of the process. 
But this appearance, so far from being any evidence of truth, 
serves only to conceal error. Under this disguise surfaces pass 
without examination, which, if unground, would be at once 
rejected. 

Another evilof grinding is, that it takes from the mechanic 
all responsibility and all spirit of emulation, while it deludes 
him with the idea that the surface will be ultimately ground 
true. The natural consequence is, that he slurs it over, trust- 
ing to the effect of grinding, and well knowing that it will efface 
all evidence either of care or neglect on his part. 


It thus appears that the practice of grinding has altogether 
impeded the progress of improvement. A true surface, instead 
of being, as it ought, in common use, is almost unknown: few 
mechanics have any distinct knowledge of the method to be 
pursued for obtaining it. Nor do practical men sufficiently 
advert, either to the immense importance, or to the comparative 
facility, of the acquisition. ' 

Due latitude must be allowed the expression, ‘true surfuce 
Absolute truth is confessedly unattainable. Moreover, it would 
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be possible to aim at a degree of perfection beyond the neces- 
sity of the case, the difficulty of which would more than coun- 
terbalance the advantage. But it is certain, that the progress 
hitherto made falis far short of this practical limit, and that 
considerations of economy alone would carry improvement 
many degrees higher. The want of it, in various departments 
of the arts and manufactures, is already sensible. The valves 
of steam engines, for example, the tables of printing presses,— 
stereotype plates, surface plates, — slides of all kinds, require 
a degree of truth much superior to that they generally possess. 
In these, and a multitude of other instances, the want of truth 
is attended with serious evils. The injury occasioned in con- 
sequence to the valves of locomotive engines renders them 
liable to constant derangement, and causes an enormous waste 
of steam power, under circumstarces more especially requiring 
its most advantageous application. In stereotype printing, in- 
accuracy of the plates renders packing necessary to obtain an 
uniform impression. A vast amount of time and labour is thus 
aacrificed ; and the end is, after all, but imperfectly attained. 


There is perhaps no description of machinery which would 
not afford an illustration of the importance belonging to truth 
of surface, and at the same time of the present necessity for 
material improvement ; nor is there any subject connected with 
mechanics, the bearings of which on the public interests, 
whether manufacturing or scientific, are more varied or more 
extensive. 


The improvement so much to be desired will speedily fol- 
low upon the discontinuance of grinding. Recourse must then 
be had to the natural process. The surface plate and the 
scraping tool will come into constant use, affording the certain 
means of attaining any degree of truth which may be required. 
A standard of excellence will thus be established, and a new 
field will be opened to the mechanic, in which he will find 
ample scope for the exercise of skill, both manual and mental.” 


Mr. Whitworth then proceeded to describe particularly the 
mode of obtaining a true surface such as those exhibited. He 
noticed that there were two cases for consideration—the one 
where a true surface plate is already provided as a model for 
the work in hand, and the other where an original surface is 


to be prepared. 


‘ The former case, which is that which will generally occur 
in practice, is simple, requiring care rather than skill. Colour- 
ing matter, such as red ochre and oil, is spread over the sur- 
face plate as equally as possible. The work in hand is then 
applied thereto, and moved slightly to fix the colour; which, 
adhering to the parts in contact, afterwards shows the promi- 
nences to be reduced by the scraping tool. This operation is 
frequently repeated, and at each repetition a smaller quantity 


By Mr. Whitworth. 29 


of colouring matter is used, till, at last, a few particles spread 
out by the finger suffice for the purpose, forming a thin film 
over the brightness of the plate. 

c The latter case is more complicated, and requires consider- 
able skill in the mechanic. ‘Three plates are got up together, 
and serve mutually to correct their own errors.” 

Thanks having been voted to Mr. Whitworth for his paper, 
the chairman (Mr. Radford) asked if the process of scraping 
had originated with Mr. Whitworth ; and that gentleman said, 
certainly not. He had mentioned in the paper that it was in 
use before, but not generally, and merely as preparatory to 
grinding. It was a much shorter process, that which he pro- 
posed, than grinding. 

The chairman asked if the highly finished scraped surface 
would resist the action of the file more than before. He believed 
that in grinding (whether from the introduction of emery or 
not he could not say) the surface was found to be more tena- 
cious of the file’s tooth. 

Mr. Whitworth said, he had not found that scraping made 
the metal harder ; of course, the emery used in grinding would 
destroy the file. 

Mr. Fothergill said, it appeared to him there was nothirg 
new in the process, except the introduction of scraping, instead 
of filing Da grinding. In reference to the valves of steam en- 
gines and other matters where flat surfaces were required, Mr. 
Robert's invention of the planing machine should not be over- 
looked. What was thetime required for scraping, as compared 
with the use of the planing machine? It was well known, that 
this machine had come into extensive use in planing the valves 
of steam engines, and the surfaces upon which they had to 
operate ; and considerable facility and saving of time, and con- 
sequent expenses, were obtained over the old smooth filing 
and grinding. 

Mr. Whitworth said, where a planing machine would do the 
work sufficiently accurate, his plan of scraping was not ne- 


Mr. Fothergiil asked if the valves of steam engines could not 
be made sufficiently accurate by the planing machine to be 
steam-tight. i 

The Chairman said, he understood Mr. Whitworth to say, 
that his process of scraping was to remove the rough’ superficies 
left by planing. 

Mr. Fothergill then objected to the ribs on the back of the 
plates, that, though they might give a stiffness to the plates, a 
change of temperature might take place from the action of the 
hand or other cause, and the expansion and contraction of the 
metal would differ at different parts of its surface, and conse- 
quently the plates would not retain at all times the same amount 
of accuracy. 
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Mr. Whitworth said there was no doubt a difficulty, however 
the surface was obtained to keep it perfectly flat ; but he appre- 
hended, if the plate were not ribbed, even if it were a much 
thicker plate, the surface would be still further off the truth. 


Mr. Fothergill thought a solid plate would not yield so soon 
to a change of temperature. 


The Chairman thought, that the change of temperature in 
the metal, effected by a workman's hand, would be so trifling 
as to be inappreciable. 


Mr. Whitworth wished to ask Mr. Fothergill if he considered 
the slides of valves for locomotives were got sufficiently correct 
by the planing machine. 


Mr. Fothergill had seen many instances where the valves had 
been tested, and there was not the slightest escape of steam. If 
the planing were properly accomplished, it would answer every 
practical purpose, with great saving of time (which was now 
every thing in point of economy) over the ordinary method. 
He wished to know whether Mr. Whitworth found it or scraping 
to require less time. : 


Mr. Whitworth repeated, that the scraping process was sub- 
sequent to the use of the planing machine. It did not supersede 
the planing machine in any case whatever. 


Mr. Fothergill thought that the valves of steam engines could 
not be conveniently got at to scrape. No doubt, in planing 
them, great care was required in fixing the valves to the table 
of the planing machine, or else they might be sprung, and con- 
sequently would either acquire concavity or convexity, or cross- 
siding. 

The Chairman said, he apprehended Mr. Whitworth was not 
instituting a comparison of cost, but seeking to obtain an exqui- 
site degree of accuracy and flatness of surface. There might be 
machinery requiring a more exquisite degree of flatness between 
the parts than the steam engine, and in such cases his plan 
would supply the desideratuin. 

Mr. Whitworth asked when a surface had been taken out of 
the planing machine, and was found to be untrue, what steps 
would be taken to get it true. 


Mr. Fothergill said this could only arise from a person not 
being properly acquainted with his business; but in such case 
he should recommend it to be properly bedded a second time, 
and the planing machine to go over it again; and he thought it 
would sooner be brought to a surface than by Mr. Whitworth's 
plan. 

Mr. Whitworth asked, when the slides were taken of the 
planing machine, how was it ascertained whether they were 
true or not. 


By Mr. Whitworth. 31 


Mr. Fothergill said. by the very method Mr. Whitwoth 
bad pointed out, by trying different surfaces together, and 
sometimes even the planing machine itself might become inac- 
curate. They had an original surface to which they could refer 
at any time. 

The chairman asked if Mr. Fothergill thought that as ex- 
quisitely true a surface could be produced by the planing 
machine as by scraping. 

Mr. Fothergill had never tried how far it was practicable on 
the planing machine to produce an exquisitely true surface. 


Mr. Whitworth said, they had made several planing machines, 
and got every part up by hand, and made the surface as correct 
as they could; but they had never been able to get so good a 
surface from the machine as from scraping: they always needed 
correction afterwards. 


The chairman thought it clear that a surface could not be 
produced so accurate by the planing machine: there was the 
wearing of the tool, and the action of the surface, which must 
resist the tool more or less in different parts of the superficies ; 
and those inequalities would be corrected by the process which 
Mr. Whitworth had suggested. 


In reply to a question whether, if avalve came untrue out of 
the planing machine, Mr. Whitworth would plane it over again, 
—that gentleman said he should not, unless it was very con- 
siderably out of truth. He should generally apply it to the 
original surface plate, rub a little colouring matter on, and rub 
the surface over it, and then, with file and scraping tool, go 
over the bearing points. His opinion was, that a surface could 
not be got sufficiently accurate for the slides of a steam engine 
from the planing machine. 


The chairman thought it was plain, that the surfaces produc- 
ed from the planing machine were only approximations to the 
truth, even in the most practised hands. 


A gentleman asked, if, when Mr. Fothergill tested the valves 
and found them steam-tight, oil or any other fluid was inter- 
posed. 

Mr. Fothergill said, there was nothing but a little oil, which 
was always applied, when first put on, to prevent galling. 


The chairman did not think the valves of steam engines to 
afford a fair criterion of the value of this process. The table of 
a steam printing-press required more truth of surface. 


Mr. Whitworth said, he might mention that he had had a 
conversation with the engineer of the Liverpool and Manchester 
Railway last Monday (having communicated the scraping pro- 
cess to him nine months ago) ; and the engineer then told him, 
that the week before he had taken to pieces the stationary 


32 On the Method of obtaining True Flat Metallic Surfaces. 


engine at the end of the tunnel at the Liverpool end of the 
line—having six weeks ago scraped up the surfaces of the 
slides as he (Mr. Whitworth) had shown him—and last week 
he had them out, and let on the steam at 50lb. pressure, when 
not one particle escaped; the surfaces were most beautifull 
polished, and did not seem one bit worse. He also stated, 
that he had found very considerable advantage in scraping up 
the slides for locomotive engines. 


Mr. William Read said, he supposed Mr. Whitworth would 
always begin with three surfaces. 


Mr. Whitworth said he certainly should; for of two, one 
might be a little concave and the other a little convex, and still 
they might fit each other; but, if a third were introduced, of 
course any little inaccuracy would be detected. 


The Chairman said, in grinding it was usual to have three 
surfaces. 


Mr. Whitworth said, that the time expended in endeavouring 
to get true surfaces by grinding was much greater than by 
scraping ; and, after all, a true surface could never be got by 
the furmer process. 


The Chairman said, it might be interesting to show the ab- 
sence of sound, when one of these perfectly flat plates was 
ullowed to fall on another. 


Mr. Whitworth showed this experiment, when a dull, dead 
sound was produced totally different from the clanging noise 
of two metallic substances striking together, which Mr. Whit- . 
worth said was owing to the air preventing the plates from 
coming directly into contact. | 


Mr. Sturgeon, the lecturer at the Gallery, said, he would 
_offer another application of plane surfaces, in a case where they 
could not be made too accurate,—magnets. It was a matter of 
no consequence to the magnetist whether they were ground, 
planed, or scraped ; but it was important that their surfaces 
should be true. In a piece of iron for an electro-magnet, a 
great deal of accuracy was required in the surfaces which had 
to come into contact. If the magnet were applied to the keeper, 
or cross-piece, then, as both these surfaces should be as flat as 
possible, of course an absolutely flat surface was a desideratum, 
certainly not till now supplied. It had long been a recognised 
principle in magnetism, that the nearer the whole of the surfaces, 
and not merely little spots or points here and there, approached 
each other, the better is the magnet; the more it would carry 
with the same exciting force. In all cases of making or bring- 
ing electro-magnets into a state of activity, the means employed 
was a voltaic battery of the description of the one before him, 
and a series of wires were wrapped round the iron in the same 
manner as shown. Until within the last two months, electro- 
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magnets were in the same shape and form as usual, the horse- 
shoe or syphon-shape. Mr. Joule, of Salford, a very scientific 
young gentleman, first made them of the form now exhibited, 
which only weighed a quarter of the large magnet in the gal- 
lery, yet it would lift twice as much, in consequence of a 
peculiarity of form and arrangement, which Mr. Joule had given 
to the iron, and the peculiar manner of employing the connecting 
wires. He had, at first, a stout copper wire for his conductor, 
which went a few times round the iron. Under these circum- 
stances, the magnet he now exhibited, would carry about a ton. 
He, Mr. S., had seen 19 cwt. suspended to the keeper without 
breaking the contact.“ But, by employing a bundle of wires in- 
stead of an individual wire of the same thickness, Mr. Joule had 
now made this magnet to carry 2,775|b, before the one surface 
separated from the other, when the voltaic battery was in action 
upon it. But, if they could obtain a better adaptation of the two 
faces toeach other, the same magnet would probably carry not less 
than a quarter of a ton more. Mr. Joule had made this magnet 
in application to a theory of his own; and, in working out 
that theory, he had produced another magnet, still far more ex- 
traordinary than the former. [This wasa long narrow cylinder, 
resembling, with its keeper, two long pigs of lead, placed face 
to face. J Its weight was about 6lb. ; it would at present carry 
1,8551b., by the mere magnetic force exercised between the two 
pieces of metal, by the use of the same galvanic power. In all 
these cases Mr. Joule had employed a very formidable iron 
battery, such as was first made in this gallery; having sixteen 
square troughs of cast iron, in each of which was placed, pro- 
perly insulated, a sheet of zinc, well amalgamated ; then, with 
these sixteen troughs well charged with a solution of sulphuric 
acid, and formed into a series of four, or placed in a range of 
four times four, he obtained this powerful electro-magnetic action. 
He, Mr. S., had now to show them a still more modern and 
more extraordinary magnet, this being its first appearance in 
public, and an experiment performed with it that evening wasthe 
first by'this singular magnet. It was not a horse-shoe, nor a long 
ar or cylinder of iron, but a disc, something like a quoit ; and that 
which in the ordinary magnet was usually called the cross-piece 
could scarcely bear that name; but, from its shape, might be 
named the lid of the magnet. In this case, they had an invo- 
lute channel for the reception of a single strand of very thick 
Copper wire. The strand was covered with silk, for the pur- 
Pose of preventing contact between the wire and the iron. It 
passed through the centre of the disc, came out of the face, and 
led up, to a certain extent, the convoluted groove. Now, with 
this magnetic and a voltaic battery, such as that in the gallery (a 


° This magnet is described by Mr. Joule, at page 187, plate iv. vol. v. of 
the Annuls. 


t Ibid page 470, plate vii. 
E 
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series of four pairs), and another of precisely the same size, still 
making merely a double battery (consisting of eight cast-iron 
jars, with their respective cylinder of zinc,— eight jars in a series 
of four), he had that evening seen that magnet carry a ton 
(2,240lb.)* This magnet had been first proposed to be made in 
thet room six weeks ago, by their worthy chairman, Mr. J. Rad- 
ford, and it had been completed this cvening; and he (Mr. S.) 
had now very great pleasure in stating the result of its first ex- 
periment. Here again they would see the importance of a flat 
surface, in reference to these magnets. He had no douht, from 
the inequality of its surface, which Mr. Whitworth had been 
kind enough to point out to him that evening, that they had not 
arrived at any thing like the maximum of its magnetic power ; 
and that having levelled its surface to a cluser approximation 
to absolute truth, he thought it very likely, that, before the 
next conversazione, this magnet would be capable of carrying a 
ton and a half. He was aware, that other extraordinary magnets 
were now being constructed in Manchester ; and, by and bye, 
the institution would have another magnet, as extraordinary as 
any of them, added to its already unparalleled stock.—(Ap- 
plause.) 


On the Therapeutic Effects of Electricity, By 8 LIILIE 
THORNTON, Esq., Surgeon. 


The reputation of electricity as a medical agent, is verv dubious 
and fluctuating: owing to the exaggerations, the mistakes, the 
misrepresentations, and the prejudices, and particularly the interest 
of those who have administered it. Hence it requires attentive 
observation and quick discernment, as well as a mind not to be 
biased by prejudices, to be able to learn where it has been useful 
and where nut. 

The different accounts of its medical powers, in apparently 
similar cases, are so discordant, that we are at a loss to know how 
to determine. The method of administering it has probably 
brought it into disrepute; the administration of it is frequently 
committed to persons totally, or in a great measure, ignorant of 
the science of electricity, or of the use of the machine, and who are 
little interested in the result. Nor is this all; the operator not 
having patience to proceed for a considerable length of time in a 
gentle exhibition of electricity, thinks’ that by increasing its force 
he can shorten the time; and hence, from the exhibition of strong 
shocks, the patient grows worse, or at last, if it does not aggravate 
the disorder, he grows tired of the painful and disagreeable opera- 
tion. The medical man ue this, often condemns or neglects 
the use of electricity ; a remedy which, if pruperly administered, 
is one of the most powerful we are acquainted with, and in many 
cases one of the most useful. a 


® Mr. Radford has, since, substituted a bundle of wires, for the copper rod conductor: 
and the magnet now carries about 224 cwt. 
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That we may know in what diseases to have recourse to this 
remedy, we must first understand its nature, or mode of acting, 
which being determined we can safely sav that it will be of use in 
all diseases whose nature is opposite to the effect of this remedy. 
This is one of the most certain principles we have in medicine ; 
viz., that when a remedy relieves or cures the disease, the operation 
of that remedy is contrary, or tends to produce a state of the 
body directly opposite to that produced by the cause of the disease ; 
and of these two, the nature, or modus operandi of the remedy, o 
the nature of the disease, either being given, we can determine the 
other; e. g. if we know the disease, we can by trial, ascertain the 
operation of the remedy; and if the operation of a remedy be 
known, we can, from its utility or disservice, determine the nature 
of the disease in which it is employed. 


Now we know that electricity acts as a strong stimulant; that 
its effects are, to increase the strength of the pulse, to promote all 
the secretions, and in short, to increase all the anima) functions; 
and we find it does this in a greater degree than most other stimu- 
lants, and therefore it may be looked upon as one of the most 
powerful stimulants with which we are acquainted. We shall only, 
therefore, expect to find it useful in those cases where the action 
of the body is weakened, or debilitated either in the whole body, 
or in a part only. In nervous affections we find this remedy has 
been of singular service; on the contrary, in all those cases at- 
tended with, or depending on, an increased excitement of the 
System, its use will be pernicious, and we find this doctrine con- 
firmed by experience. But before we proceed to treat of the 
diseases in which this remedy ought to be administered, we shall 
make a few-observations concerning its use; and first, where we 
can use other remedies along with it, we ought never to neglect 
them, for, in many cases, this remedy does little more than ren- 
der the system more favourable to the action of other remedies; 
its stimulus is so diffusible and quick, that it often favours the 
action of the more durable stimulants, but seldom of itself produces 
any permanent effect. l 


At first the electricity ought to be admiuistered in the most 
gentle manner, particularly if the patient has not been accustomed 
to its use before. We ought always to begin with drawing small 
sparks, which may be 81 1 increased, if it can be done with- 
out incunvenience to the patient; afterwards slight shocks may be 
used. In many cases, the patient can scarcely bear sparks, the 
electric fluid in this case may be drawn off in a stream by means 
of a wooden or metallic point, or small sparks may be drawn 
through flannel. When we administer electricity in diseases of 

e eye, as amouroses, we ought only to draw the fluid off by 
means of a point. Strong shocks should seldom, if ever, be ad- 
ministered ; for much more is to be expected from continuing 
them moderately for a considerable time, than from a violent 
application. : 
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There is another method of administering electricity, which has 
been practised, and with considerable success, viz., what has been 
called the electrical bath. The person is to be placed in an insu- 
lated chair, and one part of him is to be connected by means of a 
chain with the prime conductor, and another with the rubber; by 
this means we may make the electric fluid flow through any part 
we please, without any pain, and frequently with the greatest 
benefit: this method will not answer, unless the machine is very 
powerful. 


If there be any humidity, particularly of an oily nature, on the 
part from which we wish to draw sparks, or pass shocks, we shall 
frequently be disappointed ; in this case, the part vught to be well 
washed with warm water, and afterwards wiped perfectly dry ; 
otherwise our endeavours to draw sparks will be to no purpose. 
We have seen several cases where the smallest spark could not be 
drawn. In thos: diseases where the whole body is affected, the 
application of electricity ought to be as general as possible. On 
the contrary, where a part of the body only is affected, we ought 
to confine the action of this remedy to that part. 


We shall now just mention a few diseases in which this remedy 
is useful : chronic rheumatism is frequently relieved, and sometimes 
cured, by the administration of electricity. In paralysis, it has 
been generally used in those cases which admit of a cure; it is the 
most likely remedy. We have seen it adininistered with the great- 
est advantage, in those cases where the patient is not far advanced 
in years, where we have no reason to expect lesion of the uerves, 
or a depraved state of the parts, when the disease has been brought 
on by cold, and is not universal, we may hope for success. On 
the contrary, when the affection is universal, and the patient ad- 
vanced in years, when there is reason to believe that there is a lesion 
of the nervous systein, particularly in its origin, we have little to 
hope for. Though, in these cases, it is always a physician's duty 
to give it a trial, and to endeavour to afford any relief, though never 
so small, to his distressed patient. ‘There are, however, instances 
upon record where paralytic affections, after many vears continu- 
ance, and in very old people, have been cured by the use of this 
remedy. It has been found useful in the following diseases ;— 
contractions, if they depend on the affection of a nerve—ripidity 
has trequently been relieved after continuing the application for 
some time —sprains, relaxation, if applied after the inflammation 
has subsided —indolent tumours, it has been said, by Carpue in his 
Introduction to Electricity and Galvanism, to be useful—chilblains 
as a preventive, and some cases are recorded where they have been 
cured by electric sparks—Deafness, the application of electricity to 
the mastoid process generally, affords relief, and about one in five 
have been cured—opacity of the cornea, a current thrown about 
ten or sixteen minutes a day, on the eye from a wooden point, has 
frequently cured this disease—gutta serena, it has been found very 
successful in this disorder. It is very useful in many spasmodic 
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diseases, particularly tetanus, chonea, or St. Vitus’s dance, —but- 
for further account of these diseases and the use of electricity, the 
reader is referred to a valuable paper on the subject, by Dr. Addison, 
in the second volume of Guy’s Hospital Reports. 

We shall next month give any acconnt of several experiments: 
both on man, animals, and plants, with some MSS: notes on the 
same subject, by our learned friend J. Conley, Esq., L. L. D. 


On the Electricity of Effluent Steam. By W. G. Arm- 
STRONG, Esq. 


To the Editors of the Philosophical Magazine and Journal. 


GENTLEMEN, 


My letters: to Professor Faraday on the remarkable develop- 
ment of electricity which has recently been discovered in a jet 
of steam issuing from a steam-engine boiler in this neighbour- 
hood, having already appeared in your publication, it is, of 
course, unnecessary for me here to repeat the circumstances 
detailed in those letters. I shall therefore take up the narrative 
of my proceedings, relative to this curious subject, at the point 
at which the second of those letters concludes. 


Having found electricity in all the three boilers I had ex- 
amined in which water from the neighbouring colliery was 
used, and not having discovered any indications of it in the 
boilers which was supplied with rain-water, I was naturally 
led to believe that the effects I have described were attributable 
to the peculiar nature of the water from which the electrical 
steam was produced; and, under this impression, I lost no time 
in visiting some other high-pressure boilers in the same district, 
which were also supplied with colliery water, strongly impreg- 
nated with lime and other mineral matter. The steam from the 
safety-valves of these boilers also proved to be electrical, but not 
to such an extent as I had reason to anticipate from the similar- 
ity of the circumstances to those under which electricity was 
developed in such an extraordinary degree at Seghill. I then 
proceeded to try a number of boilers in this town and neigh- 
bourhood, in which steam was propagated under different pres- 
sures, and from waters of various descriptions ; and by insula- 
ting myself and holding a conducting rod in the steam discharged 
from the safety-valves, I succeeded in every instance in obtaining 
electrical sparks, which varied in the different cases from about 
one-fourth to about half an inch in length. 


Mr. Armstrong’s letter here referred to, will be found in the last No. 
ofthe Annuls, vol., ö, page 452.—Epir. 
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In company with Mr. Robert Nicholson, the engineer of the 
Newcastle and North Shields railway, I next tried the boilers 
of the locomotive engines used on that railway, and finding 
electricity in great abundance in the ejected steam from these 
boilers, I determined, with Mr. Nicholson’s permission and 
assistance, to institute a set of experiments upon one of them, 
with a view to a fuller investigation of the subject. 


I shall now briefly describe such of these experiments as 
have been the most marked in their results, and shall, divide 
them into two classes, first taking those which were chiefly 
intended to exhibit the extent to which electricity existed in 
the issuing steam, and then proceeding with the experiments 
which were undertaken to ascertain the cause of the electric 
development. Nearly all the experiments were made at night, 
under cover of the engine-shed, and the atmosphere was gene- 
rally humid ; but when it happened to be otherwise, the quan- 
tity of electricity derived from the jet was greatly increased. 


Upon trying the steam in the first instance by the method 
adopted in the previous cases, that is to say, by standing on 
an insulated stool and holding with one hand a light iron rod 
immediately above the safety-valve, while the steam was freely 
escaping, and then advancing the other hand towards any con- 
ducting body, sparks of about an inch in length were obtained : 
but it was soon observed, that by elevating the rod in the 
steam the electricity was gradually increased, and that the 
maximum effect was not attained until the end of the rod was 
raised five or six feet above the valve, at which point the length 
of the sparks occasionally reached two inches. Small sparks 
were even obtained when the rcd was wholly removed from the 
steam and held in the atmosphere at the distance of two or three 
feet from the jet, and the electricity thus drawn from the air was 

itive, like that of the steam. When the rod was extended 
into the cloud of vapour waich accumulated in the upper part 
of the shed, electricity was drawn down as by a lightning- 
conductor from a thunder-cloud. I endeavoured to ascertain whe- 
ther any precipitation of moisture, analogous to the formation 
of rain, accompanied the abstraction of electricity from the 
steam, and a sprinkling of wet was undoubtedly felt on the face 
and hands by the person holding the rod, so long as he remained 
insulated, but the effect ceased as soon as the insulation was 
destroyed. 


After fully trying the steam with a simple iron rod, asa 
conductor, recourse was had to other conductors which pre- 
sented a larger surface to the steam, but the effect was not 
materially increased until a bunch of pointed wires of different 
Sai was attached to an iron rad and held in the issuing steam, 
with the points presented downwards. The iron rod terminated 


* 


in a round knob at the end next the hand, and from this knob 
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sparks of the meusured length of four inches were actually drawn, 
almost as rapidly as they could be counted, while a stream of 
electricity was at the same time passing off from the rod, at the 
part which most nearly approached the chimney of the engine. 
Very perceptible sparks were also obtained when the points 
were held in a clear atmosphere, at the distance of at least eight 
feet from the nearest part of the jet. 


In all the preceding experiments, the effect appeared to be 

ionate to the quantity of steam discharged from the 

valve, when other things remained the same; and the electricity 

became quite imperceptible when the escape was very incon- 
siderable. 

By abruptly raising the valve when the engine-shed was 
dark, the edges of the lever and margin of the brass cup which 
surrounded the valve, were rendered distinctly luminous with 
rays of positive electricity which were strongest the instant the 
valve was lifted, and then quickly subsided, becoming very 
faint after the lapse of a second. 


In proceeding to investigate the cause of this 
extraordi development of electricty, the first 
estion which I proposed for inquiry was 
ether does the steam first become electrical, 
that is to say, is it electrical in the boiler, or if 
not, does it become so in passing through the ori- 
fice, or not till it escapes into the air? In order 
to determine which of these three suppositions was 
correct, the apparatus represented in the annexed 
figure, and of which the following is a descrip- 
tion, was employed. 

A is a glass tube passing into the steam cham- 
ber through the cock B, which was screwed into 
ahole in the top of the boiler, and was furnished 
with a stuffing -box to prevent escape between the 
outside of the tube and inner surface of the cock; 
C is a stop cock affixed to the upper end of the 
glass tube, and upon which cock is screwed a 
5 glass tube D terminating in another stop- 
cock E. 


The application of this apparatus will be easily 
understood. If the steam were in the same state 
of electricity in the boiler as when it issued into 
the air, it would necessarily communicate positive 
electricity to the insulated cock C, in passing 
through the tube. Or, if the steam acquired its 
electricity by friction, or otherwise, in the channel 
through{which it was discharged, it could only,in 
the present instance, do so at the expense of the 
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cock C, which, being insulated, would in that case indicate ne- 
gative electricity. Or, lastly, if the electricity were developed 
by condensation, expansion, or any other cause which came 
into operation after the steam escaped into the air, then the 
cock C would have neither positive nor negative electricity. 


Previously to inserting the lower glass tube in the boiler, the 
steam was allowed to blow off through the large cock B, and 
the jet which issued proved, to the surprise of every one pre- 
sent, almost destitute of electricity. This result completely 
vitiated the inference I had drawn from the circumstance of 
not finding electricity in the steam from the rain-water boiler 
before alluded to, in which case, as I have already stated 
in my second letter to Professor Faraday, the jet was obt.ined 
from the gauge cock. 


The lower glass tube, without the upper one attached to it, 
was then passed into the boiler,and a highly electrical jet was 
obtained from it, which communicated positive electricity to 
the stop-cock C, from which the steam was discharged. The 
upper tube was accidentally broken in screwing it on to the 
lower one, leaving only about three inches of glass above the 
cock C. Under these circumstances the cock C still continued 
highly charged with positive electricity, and a pale lambent 
light flashed at short intervals down the inside of the tube 
from the cock towards the boiler. 


Having replaced the broken glass tube with a new one, the 
experiment was tried again on a subsequent evening, and the 
jet being now removed to a much greater distance than 
before from the cock C, no electricity whatever could be 
detected in that cock, while the one above it indicated posi- 
tive electricity in a very high degree. It therefore became 
pretty evident that the electricity was not developed until 
the steam issued into the atmosphere, and that the upper stop- 
cock derived its electricity from its contiguity to the jet. One 
circumstance alone seemed in some degree to militate against 
this supposition, namely, that the electricity of the cock E was 
greatly increased when the cock C was partially closed, as if 
the expansion which in that case took place in the upper tube 
rendered the steam electrical previously to its reaching the cock 
from which the jet was discharged. No negative electricity, 
however, could be discerned in any part of the apparatus, and 
without a developement of negative electricity, I cannot see 
how positive electricity can possibly arise from expansion. The 
more probable explanation of the effect appeared to be, that 
the partial closing of the middle cock shortened the transparent 
or non-conducting part of the jet, and thereby caused the elec- 
tricity to be more readily communicated from the opake part 
of the jet. 
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In consequence, no doubt, of increased accumulation of elee- 
tricity which was thus occasioned in the highest cock, together 
with the unavoidable dampness of the surrounding medium, 
the upper glass tube, and the cock above it, became illuminated 
in the most singular and beautiful manner. Flashes of waver- 
ing light flickered round the exterior surface of the glass, and 
darted from it to the distance of three or four inches, while 
strong rays of electrical light streamed from the angular parts 
of the cock, and the flashes from the glass were accompanied by 
a snapping noise which was distinctly audible amidst the hissing 
of the steam when the ear was advanced within a short distance 
from the tube. 


The upper glass tube was then removed, and as an addi- 
tional test of the non-existence of free electricity in the interior 
of the boiler, a pointed wire was thrust down through the cock 
C and tube A into the steam, and effectual means were used to 
prevent the escape which would otherwise take place at the 
cock C, in consequence of the tap remaining open to admit the 
wire. Now this wire being insulated by the glass tube und 
communicating with the insulated cock C, must have rendered 
that cock electrical, if the steam were electrical in the boiler ; 
but not the slightest indication of electricity could, under these 
circumstances, be found in the cock. 


Having withdrawn the pointed wire from the tube, another 
glass tube, of which the sectional area was about ten times 
greater than that of the one inserted in the boiler, was then 
attached to the cock C, in the manner as the tube D had been 
before. The comparatively large bore of this tube allowed the 
steam to expand in a very great degree before it issued into the 
air, and cansed it to be discharged in the state of low-pressure 
steam ; but no diminution of electricity could be perceived in 
the jet, when thus attenuated ; so that the electrical develop- 
ment does not appear to depend upon the degree of violence 
with which the steam comes in contact with the atmosphere. 


The entire absence of negative electricity seemed to preclude 
the possibility of the phenomena arising from expansion, and 
the only remaining supposition appeared to be, that the con- 
densation which took place in the jet, set free the electricity 
which the steam had absorbed in the process of evaporation. 
This supposition had been previously rendered probable, when 
it was discovered that the upper and most opake part of the jet 
yielded the most electricity, although I was at first inclined to 
attribute that circumstance to the dampness of the steam, in 
that part of the jet, rendering it a better conductor, and causing 
it to part more readily with its electricity. Experiments were 
next, therefore, commenced to ascertain the effect of insulating 
the boiler, and wholly condensing the steam ; but these require 
repetition before they can be much relied upon. The great 

F 
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difficulty is to effect insulation amidst so much moisture, but I 
have no doubt that with a little perseverance this object will be 
accomplished, and I trust I shall be able to furnish, in time for 
insertion in the next Number of the Philosophical Magazine, 
such further results as will set the question at rest. 

I am, yours, &c., 


Wu. Geo. ARMSTRONG. 
Newcastle-upon. Tyne, November 18, 1840. 


(From the Philosophical Magazine. ) 
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Further E xperimenis on the Electricity of Stcam. By H. L 
PaTTINSON, Esq., F. G. S. 


To the Editors of the Philosophical Magazine and Journal. 


GENTLEMEN, 


Since my last letter to you, dated the 19th ult. (sec page 456 
vol. v. of the Annals,) relative to the electricity of steam issuing 
from two boilers at Cramlington Colliery, the subject has been 
further pursued both by myself and others, and sparks have 
been obtained from the steam of various boilers, in every direc- 
tion. The mode of operating has generally been that described 
in my letter, viz. suffering the steam to escape from the safety- 
valve of the boiler tried, and testing its electricity by holding 
in it a shovel or an iron rod, the operator standing upon an 
insulating stool. Sometimes the indications have been very 
slight, and sometimes there has hardly been any appearance f 
electricity in the steam ; but in such cases the trials have been 
generally made under unfavourable circumstances, and from all 
that has yet been done, the presumption is certainly that steam 
is always more or less electrical. It is not, however, always 
electrical to the same extent under the same pressure, as I shall 
presently show. 


Mr. Armstrong was the first to experiment with a locomotive 
engine-boiler (one used on the Newcastle and North Shields 
railway), from which he obtained very striking results. The 
directors of the Newcastle and Carlisle railway, through their 
secretary, Mr. Adamson, gave me permission to experiment 
upon the boilers of the locomotive engines on that line, and I 
now beg to lay before you the results I have obtained. In 
preparing for, and performing these experiments, 1 have, as 
before, been assisted and accompanied by Mr. Henry Smith, 
and I have received the most willing and efficient aid from 
Mr. Anthony Hall of Blagdon, the mechanical engineer on the 
railway. 
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1. A copper rod, half an inch in diameter, and five feet long» 
was provided, made hollow for lightness ; this was terminated 
at one end by a two inch ball, and at the other (which was 
bent at a right angle) by ten or twelve sharp-pointed wires, 
spread out in every direction to collect the electricity more per- 
fectly from the steam. 


2. The Wellington locomotive engine, immediately after 
coming to the station with passengers, was first tried. At this 
time the steam was blowing forcibly out of the safety-valve, at 
a pressure of fifty-two pounds per inch. On holding the 
pointed conductor in this current of steam, with its point 
downwards, the individual holding it standing at the time on an 
insulating stool, sparks three to four inches long were given 
off from his person to the boiler. The sparks were largest 
when the valve was held down a minute or two and then sud- 
denly lifted, so as to suffer a large volume of steam to escape 
with great rapidity. By this management the sparks were 
frequently four inches long, and occasioned considerable pain to 
the person on the stool, even when given from a brass ball held 
in his hand. The sparks were largest when the points of the 
conductor were held in the steam about two feet above the 
valve ; but larger sparks were obtained when it was held much 
higher ; and indeed sparks were obtained by holding the con- 
ductor entirely out of the cloud of steam, and at a distance from 
it, for the air in the wooden shed in which we operated became 
speedily electrical throughout. The electricity was positive. 


3. The steam in the boiler was now gradually run down to 
see how the electrical condition would vary with the pressure. 
At forty pounds per inch the sparks became much less, the 
largest not reaching three inches. At thirty pounds the largest 
spark did not reach two inches; at twenty pounds it became 
barely an inch; at ten pounds not more than from one-fourth 
to one-half of an inch; and at five pounds per inch pressure the 
spark was hardly perceptible. But if at any pressure the valve 
was held down a few minutes so as to suffer the steam to accu- 
mulate and then suddenly opened, there was always a great 
increase, for an instant, of the electrical effects. 


4. Another boiler, that of the Lightning engine, which had 
also just come in from a trip, and had its steam blowing off 
forcibly, at a pressure of fifty pounds per inch, was now tried 
in exactly the same way as the Wellington. On holding the 
pointed conductor in the steam, whether regularly blowing off 
at the valve or escaping with great rapidity from the sudden 
lifting of the valve, it did not yield a spark more than one- 
fourth of an inch long. We then blew a quantity of water out 
of the boiler of the Lightning until it barely covered the tubes 
inside, and on afterwards testing its steam blowing off at fifty 
pounds per inch, the spark was found increased to nearly two 
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inches in length The steam of the Lightning was, however, 
much less electrical than the steam of the Wellington at the 
same pressure, under all the circumstances of our experiments. 


5. The strong current of steam and water issuing from the 
boiler of the lightning when the water was blown out of it as 
just stated, was tested for electricity, but no indications could 
be perceived whatever. 


6. A very large conductor had been provided, made of zinc 
two-inch tubing, in this way,—three rings were made of this 
tubing, respectively three feet, two feet, and one foot diameter. 
These rings were attached to each other a foot and a half apart 
by side pieces, so as to form a hollow frustum of a cone, three 
feet high, with ends three feet and one foot diameter respec- 
tively. The inside of this cone was laced across with copper 
wire, and the whole bristled with pointed wires in every direc- 
tion. By means of a long iron bar, placed upright in a cask of 
rosin (both to insulate it and to serve as a foot), and a hori- 
zontal arm projecting from it, made to slide up and down on 
the vertical bar, the large conductor could be placed in any 
part of the cloud or steam issuing from the valve, and the elec- 
tricity given off could be conveyed from it in any direction. 
Care was taken to round off all parts of this conductor, so as to 
avoid sharp points and angles as much as possible. On trying 
this large conductor in the current of steam from the Welling- 
ton, we were disappointed to find that it did not yield a longer 
spark than the small pointed copper rod with which we had 
previously experimented. The spark was larger in volume, 
but it did not possess greater intensity. It never struck through 
more than three inches of space, but its effect upon the person 
when taken was very violent and painful. Our intention was 
to have ascertained the rate at which large jars could be charged 
from the steam, in order to form some idea of the quantity of 
electricity given off; but the evening had become very damp, 
and the air was so moist, that we could not procure sufficient 
insulation, and we were obliged to relinquish the attempt. 


7. When the large conductor was held in the cloud of steam 
with its lower part or apex about two feet above the valve, it 
gave off numerous and powerful sparks ; but if at this time the 
points of the small conductor were placed by a person connected 
with the ground in the steam below the large conductor a foot 
above the valve, the electricity given off by the large conductor 
was materially diminished. 


8. By means of screws, the entire engine (the Wellington) 
was raised off the rails and placed upon blocks of baked wood, 
so as to insulate it entirely. The steam being now blown off at 
the valve, the boiler and engine became strongly electrical with 
negative electricity ; points placed upon any part of the engine 

xhibiting the peculiar star of the negative element, and threads 
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suspended from the engine being repelled by excited sealing- 
wax. The steam was at the same time strongly positive, and 
when a point connected with the conductor held in the steam 
was brought near a point attached to the insulated boiler, the 
pencil upon the former and star upon the latter were beautifully 
decisive as to the electrical states of each. 


9. I repeated Volta's experiment by placing a hot cinder 
upon the cap of a gold-leaf electrometer, and projecting a few 
drops of water upon it, when the leaves diverged strongly with 
negative electricity. I observed, that when the cinder was ver 
hot, and the production of the steam consequently very rapid, 
the electricity given out was always most powerful. 


10.- I then insulated an iron pan, twelve inches diameter and 
two inches deep, and attached to it a pith-ball electrometer, 
with balls three-eighths of an inch diameter, and threads five 
inches long, and also attached to the pan a metallic wire, the 
pointed extremity of which was placed about one-twentieth of 
an inch distant from the point of another wire connected with 
the ground. The iron pan was then filled with cinders, very 
hot, from a wind-furnace, and on projecting upon them a few 
ounces of water, steam was evolved with great rapidity, and at 
the same moment the pith balls diverged to the distance of an 
inch, and sparks passed between the metallic wires. This was 
several times repeated. 

These experiments enable us, I conceive, to give a clear 
explanation of the electrical phenomena presented by steam. 
There is no doubt, whatever, as Dr. Faraday conjectures in his 
note to Mr. Armstrong's paper in your last Number, that this 
evolution of electricity by vaporization is the same as that 
already known to philosophers on a much smaller scale.” The 
electricity appears to originate at the instant of vaporization, 
and the steam as it collects within the boiler is electrified with 
positive electricity, the water and metallic boiler being at the 
same time negative. In this condition the electricity of both is 
latent, likethe electricity of the two plates of an excited elec- 
trophorus ; but the instant steain is suffered to escape, its posi- 
tive electricity, being carried off along with it, and out of the 
influence of the equivalent quantity of negative electricity in the 
boiler, becomes free, and hence the steam is electrical with 
positive electricity. The same thing takes place with the 
boiler, in which negative electricity is set at liberty as the steam 
escapes, and which becomes evident on insulating the boiler. 


When steam much mixed with water, or what engine-men 
call “ wet steam,” escapes from a boiler, it evidently cannot be 
very highly electrical, for the negative water will tend to neu- 
tralise the positive steam, and this may perhaps in some mea- 
sure account for the increased effect in the Lightning on lower- 
ing the water within its boiler, and for the increase of intensity 
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in every boiler, observed when the valve has been forcibly held 
down and is suddenly opened; but it does not seem sufficient 
to account entirely for these variations of intensity, nor for the 
difference of intensity in different boilers at the same pressure. 
It is therefore probable that chemical action between the metal 
of the boiler and the water has something to do with exalting 
the electrical condition of the steam at the moment it is gene- 
rated; but this part of the subject certainly requires further 
investigation. By far the most powerful effects up to this time 
have been obtained from locomotive engines, in which water is 
heated in contact with brass tubes. How far this may influence 
the production of electricity, further experiments must deter- 
mine. It is certainly somewhat curious to consider the splendid 
locomotive engines we see daily in the light of enormous elec- 
trical machines; but this they undoubtedly are; the steam is 
analagous to the glass plate of an ordinary machine, the boiler 
to the rubbers; and a conductor properly exposed to the escap- 
ing steam gives out torrents of electricity. 


I am, Gentlemen, 
Your obedient servant, 
H. L. Pattison. 


Bentham- Grove, Gateshead, 
November 21, 1840. Ibid. 


On Terrestrial Magnelism. By JohN Locke, M. D., of 
Cincinnati, Ohio.“ 


Messrs. Edilors— For three or four years past, most of the 
scientific men of our country have felt an interest in the exami- 
nation of the elements of terrestrial magnetism on this continent. 
The increasing attention to this subject in Europe has operated 
sympathetically, and has excited a few of us to action. Profes- 
sors Bache, Courtenay, Loomis, Jackson, and myself, have each 
devoted a portion of our time to actual surveys; the results, so 
far as they have been communicated and published, are to be 
found mostly in the papers of the American Philosophical So- 
ciety. But few of mine have yet been made public. The field is 
a very broad one, and the amount of labour yet to be performed 
is very great. As these elements are subject to a constant and 
progressive change, besides an annual and diurnal Auctuation, 
theexact laws of which are as yet unknown, time and a multi- 
plicity of observations at each separate station are required 
before any generalizations can be well established. 


I have this year commenced making monthly, and sometimes 
even hourly, observations at this place. In our money making 
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country, I can procure little or no assistance in so unprofitable a 
business, and my hourly observations are almost too laborious to 
be continued. My friend and correspondent, Prof. Loomis, has 
collected together such observations as have been made, and 
has published them in tables and in the form of a chart in 
your Journal,* but so few have been the observations, and in 
them generaily no atfention paid to the annual diurnal changes, 
that such a chart must necessarily be only an approximation to 
the truth, except at the few points which have been particu- 
larly examined. In the present volume of this Journal, pp. 
49, 50, t Professor Loomis has, upon rather hypothetical 
grounds, marked his own observations, mine, and Professor 
Courtenay’s, with “ apparent errors,” to a considerable amount. 
Now most readers will understand by this, that the results 
of the observations are absolutely out of truth, or disagree 
with nature to the amount noted. A careful examination of the 
article shows that this was not his meaning, for the standard by 
which these “ errors” are made to appear, is more questionable 
than the observations themselves. Prof. Loomis, from a com- 
parison of the most ancient with the most recent observations in 
our country, supposes that he has obtained the average annual 
decrease of the magnetical dip in the United States. He then 
applies this quantity as a correction to previous observations up 
to the present year, projects lines of “ equal dip” in the direction 
Indicated by two or more points thus determined, and by so 
much as late observations disagree with these calculations, he 
has noted them in “error.” The only objection which I offer 
to this mode of expressing difference, is that it will not generally 
be understood. There is certainly no better authority for the 
dip at any particular time and place, than careful observations 
made with the best instruments. When artificial lines do not 
agree with observations, it is evident that those lines should be 
marked “in error.” The lines of equal dip, as obtained by 
actual survey, are not great circles nor uniform curves; they 
undulate irregularly, converging in some places and diverging 
in others, and sometimes, I believe, one line of equal dip will 
divide into two which will afterwards reunite. It is perhaps 
customary with those who make magnetical charts, to endeavour 
to equalize these natural irregularitics, as the engineer after a 
snrvey for a road equalizes the hills and hollows to obtain a less 
devious but more artificial survey. Such a line, although it is 
easily projected, and looks well in the chart, has no existence in 
nature, and is only an artificial approximation to truth; so far 
as it departs from the results of actual observations, the line 
itself should be marked in error, not the observations. This, I 
say, would be philosophical ; a conventional mode of expressing 
the same relation in different terms may obtain a preference, 
and would be objectionable provided it should be properly 
understood. 


* Vide Silliman's Jouin u, Vol. xxxiv, p. 200, Vol. xxxix, p. 41. 
+ Ibid. 
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The largest number of my magnetical experiments were made 
in Iowa and Wisconsin Territories during last autumn, and the 
general results, including both the dip and intensity, have been 
communicated both to Congress and to the American Philosophi- 
cal Society. But I am reminded by the above suggestions that 
I ought to lay before the public a specimen of the details at large, 
that a proper judgment may be formed of the degree of credit 
to which they are entitled. I shall confine myself at present to 
that part of my observations for determining the dip. My 
dipping compass was made by Robinson, of London, in 1827. 
Asacheck upon errors, I make at each station, by means of 
two separate needles, a double suite of observations. In each 
suite all the usual reversals are made, including the face of the 
instrument, the face of the needle, and the polarity of the 
needle by retouching. The dip is therefore determined by 
eight distinct readings of each needie, the results almost always 
agreeing within one or two minutes of adegree. The mean of 
the whole of the sixteen readings is finally taken. The follow- 
ing are examples :— 

No. I. Davenport, Iowa Territory, September 15, 1839. Lat. 41° 30’ N., Lon. 90% 18° W. 


ae Needle No. 1. B. North. Needle No. 2. B. North. 
Face of in- Face of; ß Pace or in- Face f 
strument. needle. Dip indicated; trumeut. Needle. Dip indicated. 
E. E. 72905' E. E. 71°58’ 
W. w. 70 47 W. w. 72 02 
w. E. 72 47 w. E. 71 54 
g. wW. 71 06 E. W. 72 03 
A North. A North. 
x. E. 70 59 E. E. 72 16 
w. w. 72 52 1 wW. W. 71 26 
W. E. 70 53 W. E. 72 12.5 
E. W. 72 57 E W. 71 28.5 
18)574 16 8)575 20 
Mean, 71 48.25 Mean, 71 55 
No. 2. Davenport, Iowa Territory, September 18, 1839. 
Needle No. 1. B. North. Needle No. 2. A North. 
Face of in Face of Face of in- Face of 
strument. _heedle, Dip indicated, trument. needle. Dip indicated. 
E. E. 73°05’ E. E. 72°18" 
w. w. 70 43 w wW 71 26 
W. E. 72 51 vy E 72 14 
E. wW. 70 40 E w 71 25 
A North. B North. 
E. E. 70 57 E E. 71 41 
w. w 73 14 w W. 72 19 
W. E 70 50 w E. 71 30 
E. w 73 04 E w. 72 27 
80575 24 8)575 20 
Mean, 71 55.5 Mean, 71 55 | 
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No. 3. Lost. Grove, (Iowa, ) Sept. 23, 1839. Lat. 41°39’ N., Lon. 909 09° W 
Needle No. 2. B North. 


ace ofin-; Face of 
ent. | needle Dip indicated. 


Needle No. 1. A North. 


[Face of in- Face of 
t. | needle. Diptindicated, 


E E E 71°43’ 
w w w 72 36 
w wW £ 71 45 
E E w 72 39 
A North. | 
E E E 72 11 
w w wW 71 34 
w w B 72 05 
E B w 71 44 


8)576 17 
Mean, 72 02.125 


No. 4. Wapsipinnicon River, Sept.25,1839. Lat. 41% 45' N., Lon. 90° 23’ W 
Needle No. 2. A North. 


Needle No. I. B North. 
Fade of in-; Face of Face of in- Face of 
strument needle. Dip indicated. strument. | needle. Dip indicated. 
E E 732160 E E 72923 
w v 71 07 w w 71 48 
w E 73 17 Ww E 72 18 
E w 71 10 E wW 71 57 
A North. B North. 
E E 71 15 E E | 72 15 
w w 73 20 w wo 72 27 
w E 71 10 w E 72 12 
E v 73 27 E w 72 37 
8)578 02 8)577 57 
Mean, 72 15.25 | Mean, 72 14.625 


No. 5. Brown'sSettlement, lowa,Sept. 20, 1839. Lat. 42°04’ N., Lon. 91 02’ N. 


Needle No. 2. A North. 


Needle No. 1. 


ace of in- Face of 


B North. = 


Dip indicated 


ated Prument need. DI 


85578 58 85578 45 
——i—6ꝛů—sßv5r— '. ——— — 79 90,025 
Mean, 72 22.25 Mean, 72 20.025 


50 On Terrestrial Magnetism. 


No6 Mahogueta River, (Iowa,) October 1, 1839 Lut 42°14' N, Lon 90°57" W 


Needle No. J. A North. Needle No. 2. B North. 
Face ofin-| Face of Face of in-| Face of 
r een 
E. E. 71°42’ E E 12948 
w. 73°47 W 72 46 
W. 71 40 W 72 45 
E. 74 00 E 72 51 


72 52 
72 25 
72 44 
72 35 
46 
Mean, 72 


5581 52 
Mean, 72 44 


VNo. 7. Farmer's Creek, (Iowa,) October 5, 1839. Lat. 42° 13’ N., Lon. 90° 23° y. 


Needle No. J. B. North. Needle No. 2 A. North. 
Face of in · Face of Face of in- Face of 
strument. needle: | Dip indicated trument. | Needle. Dip indicated. 
E E 7127 E E 72915 
w w 73 24 w wW 72 36 
w E 71 26 w E 72 16 
E w 73 22 E W 72 36 
A North. B North. 
E E 73 44 E E 72 43 
w w 71 42 w w 12 37 
wW E 73 51 w E 72 47 
E wW 71 30 E wW 72 33 
8)580 26 8)580 23 


Mean, 72 33.25 Mean, 72 32.875 


No. 8. Prairie du Chien, W. T, Oct 24, 1839. Lat 439 03° N, Lon 90° 52° N. 
Needle No. 1. 


Face of in- Face of 
strument. nee dle. Dip indicated. 


A. North. 


Needle No. 2. B North. 


Fance of in- Face of . 
strumeut. nee dle. Dip indicated. 
z — ane ES EEO 


E E 72°25’ E E 35255 
w w 74 17 Ww wW 73 22 
w E 72 05 w E 73 21 
B w 74 32 E w 73 25 
B North. A North 
E 74 33 E E 73 26.5 
w 71 53 w wW 73 02 
E 74 24 w E 73 14.5 
v 72 02 E w 72 58.5 


87586 14.5 
Mean, 73 16.875 


8)586 11 
Mean, 73 16.375 


> 


By Mr. John Locke 51 


No 9 Blue Mounds, (W T) October 30, 1839 Lat 435 01' N, Lon 89° 38' W 


Needle No. 1. B North. Needle No. 2. A North. 
Face of in- Face of; Pace of in- Face of 
Arument Needle Dip indicated strument needle Dip indicated 
e e 74559 e e 73°43" 
Ww 72 14 wW 73 22.5 
w 74 47.5 w 73 42 
e e 73 31.5 


72 21 


e | 73 08.5 e 73 48 
w 74 21.5 w 73 46 
w 73 03 w 73 40 
e 74 35 e 73 52.5 
| 8)589 29.5 8)589 25.5 
| i Mean, 73 41.2 Mean, 73 40.6875 


i 
! 


— ͤ Ü·ü2—2 ne 
No. 10. Madison, ( W. T.) Nov. 2, 1839. Lat. 43° 05 N., Lon. 89° 06° W 
Needle No. 1. A North Needle No. 2. B North. 


ace of in- Face of| | Face of in- Face of 
ent Needle Dip indicated strument. | needle _ Dip indicated 
e | e T3728 e e 7401 1˙.5 
w wW 74 49 w w 74 11 
W e 73 24 w e 74 01.5 
e w 74 56 0 w 74 16.5 
B North. A North. 
e e 74 59 0 e 74 12 
w W 73 00 w w 73 47 
wW e 76 02.5 w e 74 02 
e wW 72 47 e w 73 49.5 
80592 25.5 87592 31 
| Mean, 74 03.1275 Mean, 74 03.875 


No. II. Mineral Point, CW. T.) Nov. 1839. Lat. 12° 50“ N., Lon. 89°54" W 
Needle No. 1. B North. Needle No. 2. A North. 


Face of in- Face of Face of in ſ Face of 
strument. Needle | Dip indicated. strument Needle Dip indicated 


e e 74230" e e 7352.9 
w w 72 10.5 w w 73 09 
w e 74 22 w e 73 18.5 
e w 72 22.5 e w 73 12.0 
A North. B 
e e 72 31.5 e e 73 33.5 
W w 74 10 w w 73 15 
w e 72 12.5 w e 73 27.5 
e w 74 96.5 e w 73 21.5 
87586 45.5 87586 44 


Mean, 73 20.6875 Mean, 73 20.5 


® 
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The above specimens of my field notes are not selected, but 
are taken in course from one to seven. Those which follow are 
also in course, and have been selected because they differ from 
what would be expected from the projections of isoclinal lines. 
The evidence of the accuracy of the observations rests chiefly 
on the very close agreement of the independent results obtained 
by the two separate needles. It will be seen that out of the 
eleven cases above quoted, there is but one in wl. ich the differ- 
ence is over a fraction of one minute of a degree, and that is the 
fifth, which shows a difference of one minute and five eighths of 
a minute. If there were a certain latitude of error, say five 
minutes, it is evident, by the calculation of chances, that such 
error between the two needles, would as often be doubled by 
being, the one plus and the other minus, as it would be merged 
by both being plus or both minus; and hence half of the 
greatest difference by the two needles may be taken as the 
limit of instrumental errors, which in the above observations 
would be only 0’.8625 of a minute; a quantity much smaller 
than I should have anticipated before making the examination. 
The instrument is evidently a very perfect one, yet at certain 
points, when the dip arrives at a particular quantity, probably 
from a want of perfect roundness of the pivots, one needle will 
read constantly and uniformly more than the other. Thus at 
Dubuque, where the dip is 732 04’, needle No. 1, read in the 
mean, constantly 24’ more than No. 2. Even this error would 
ordinarily be considered very small. The French have a say- 
ing that “the dipping compass is one very ungrateful instru- 
ment.” But with this fine piece of workmanship of Robinson's, 
I have repeatedly admired the beautiful manner in which the 
reversals correct all of the errors, and the two needles, none of 
whose individual readings are alike, will ultimately in the mean, 
give almost identical results. 


In my surveys, I did not expect the dip to be so little at 
Prairie du Chien, nor so great at Madison, Wisconsin Territory, 
as I found it. I went through with four suits of observations 
at the former place, before I was satisfied of their correctness. 
But all of the observations between Prairie du Chien and the 
four lakes, agree in determining that the lines of equal dip 
along the Wisconsin river, in advancing westward, incline 
rapidly to the north. From a point about five miles south of 
Mineral Point, the line of dip for 73° 16’ passes to Prairie du 
Chien, in the direction of west 22° 10’ north. The curvature 
between Madison and Blue Mounds, is probably still more to 
the north. At Dubuque, however, there was no evidence of 
such a northern inclination of the lines of equal dip. At Co- 
lumbus, Ohio, the dip appeared to be so much less than I ex- 
pecten that after determining it twice at our station, suspecting 
ocal attraction, I removed to another a milę distant, but the 
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result was still the same. At the very points marked by Prof. 
Loomis, I anticipated the departure of the magnetical quantities 
from their general direction, and was especially cautious in my 
examinations, but finally was compelled to record their results 
in obedience to the authority of nature. I believe there are so 
many anomalies in the elements of terrestrial magnetism, that 
the only safe way in proceeding with our surveys, is to observe 
industriously, and put down carefully, the results of experi- 
ments, without any reference to artificial lines, until we have 
dotted the map pretty thickly over with our records, and then 
see into what forms they will arrange themselves. 


I have thus laid before your readers so much of my field 
notes as will enable them to understand in general my mode of 
operating, and have presented to them the evidence which con- 
vinces me that the results, at the time and place given, were 
accurate within at least two or three minutes of a degree. By 
this means I hope to inspire that confidence which alone gives 
interest to such researches. The papers of Prof. Loomis are 
well calculated to draw popular attention to this very interesting 
subject, and we hope that a science which has been considered 
of sufficient importance in foreign countries to induce their go- 
vernments to erect observatories, supply them with instruments 
and observers, and even to fit out naval expeditions to expiore 
distant regions for the advancement of its interests, will not soon 
be neglected by its few votaries in this country, or be so far 
overlooked by the great body of our community, that all en- 
couragement to its cultivation will be withheld. 


Here I had intended to bring my remarks to a close; but on 
reviewing them I perceive there is a possibility that some of 
them may be understood as a censure upon my friend Prof. 
Loomis. Nothing of this kind is intended. There is no differ- 
ence of opinion between him and myself as to the facts. It is 
merely the manner of representing a fact which has elicited the 
remarks. A difference exists between an artificial line and a 
quantity determined in fact; call the one A and the other B. 
The question is then merely, is it more expedient to assume A 
to be the standard and mark B in error, or to assume B as the 
standard and mark A in error? I object to the choice which 
Prof. Loomis has made, because it will give to most of your 
readers, such as are not magneticians, the impression that both 
Prof. Loomis, Prof. Courtenay, Capt. Sabine, myself and others, 
are unable to determine the dip within a very great latitude of 
error. But Prof. Loomis did not originate this mode of expres- 
sing the difference of the two quantities ; he had the precedent 
established by the most able foreign magneticians. It may be 
that conventional authority in this case, as in numerous others, 
ought to prevail, and that Prof. Loomis is right in conforming 
to that authority. Still we hope the discussion of the subject 
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is not without its use to a large class of readers, by making 
them more familiar with some of the minutiz of an interesting 
and in many respects a new science, and by inspiring them 
with greater confidence in the degree of perfection to which 
magneticians have arrived in their observations. ‘They will, I 
hope, feel more interest in the observations of Prof. Loomis 
himself, who is furnished with the best of instruments, not only 
in magnetism, but in meteorology and astronomy, and is in all 
of these departments an industrious and accurate observer. 

Could the necessary labor be performed, such charts as would 
exhibit the lines of equal dip, equal variation, and equal inten- 
sity in all of their various windings, including all of the so 
called local influences, minutely true and faithful to nature, I 
believe some new generalizations would be obtained. Possibly 
it might appear that particular geological formations are asso- 
ciated with some peculiarities of magnetism. There was an 
indication of this kind in the survey of Iowa, to the Report of 
which the reader is referred. But to establish a generalization 
requires the concurrence of numerous instances of the same 
kind; the change of magnetism with a change of minerals 
might i in a single instance be aceidental. 

Medical College of Ohio, at Cincinnati, July 30, 1840. Sdliman's Journal 


— — Se 


On the identity of Edwardsite with Monazite (Mengite,) and 
on the Composition of the Missouri Meteorite. By CHARLES 
Urnam SHEPARD, Professor of Chemistry in the Medical 
College of South Carolina. 


The Journal of the Franklin Institute for May, 1840, contains 
the following translation from Poggendorſſ's Annalen der Phystk 
und Chemie, No. I, 1840, of an article by Gustavus Rose, on the 
identity of Edwardsite and Mon: azite, 

“The royal collection at Berlin received a fragment of gneiss 
from Norwich, in Connecticut, containing a part of a crystal of 
Edwardsite, which although fractnred on either termination, had a 
suficient number of planes remaining to determine its angles, 
Shepard (American Journal of Science and Arts, xxxii, 162) 
correctly referred this mineral to the oblique-rhombic system, and 
added that the prism was terminated by a four- sided pyramid. 
He observed that the cleavage was sometimes perfect, but generally 
uneven parallel to the oblique terminal plane, but very perfect 
parallel to the longer diagonal. He further remarked that 
it bore the closest resemblances to zircon, which the Monazite was 
supposed to be by Menge, who first found it in the Ilmen branch 
of the Uralian chain. The few measurements of Edwardsite nearly 
correspond with those of Monazite, excepting the inclination of 
an oblique terminal plane to the plane replacing the obtuse lateral 
edge, which, with Monazite, give an angle of 100° 3’, with Ed- 
wardsite 1039 ; 58’, but the calculation of the former was grounded 
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on imperfect measurements. In regard to form, therefore, the 
two minerals correspond. 


“They also resemble each other in relation to other properties. 
Colour, hyacinth red to reddish brown, the lustre of Edwardsite 
somewhat stronger; hardness = 5 (apatite). Specific gravity of 
Edwardsite is rated too low by Shepard = 4.2 to 4.6,—that of 
Monazite, according to Breithaupt = 4.992 to 5.079. In beha- 
viour before the blowpipe alone, or with fluxes, both alike, both 
inſusible. Shepard observes that the former fuses with great 
difcultv on the edges, but no such fusion was cbservable on the 
specimen in the royal cabinet. There are some differences in 
their behaviour with acids, the former, according to Shepard, 
being slightly affected by aqua regia, the Monazite, according to 
Kersten being decomposed by chlorohydric acid with the evulution 
of chlorine. 


“The apparent differences of their chemical composition may 
be reconciled. The Monazite was analyzed by Kersten, the 
Edwardsite by Shepard. 


Monazile. Edwardsite. 

Peroxide of cerium, 2600 | Peroxide of cerium, 56.53 
Oxide of lanthaniun, 23.40 | Zirconia, 7.77 
Thorina, 17.95 | Alumina, 4.44 
Peroxide of tin, 210 | Silica. 3.23 
Protoxide of manganese, 1.86 | Protoxide of iron, 
Lime, 1.68 | Glucina, traces. 
Titanic acid, Magnesia, 
Potassa, N Phosphoric acid, 26.66 
Phosphoric acid, 28.50 

98.49“ 98.73 


“The chief differences then are that Monazite contains both 
oxide of cerium and lanthanium, the Edwardsite only peroxide of 
cerium, (Shepard gives protoxide,) that the ſormer contains tho- 
mina, the latter zirconia. Lanthanium is probably contained in 
Edwardsite, as it generally accompanies cerium, having been first 

iscovered during the past year by Mosander, (was unknown to 

hepard.) In regard to thorina and zirconia, it can hardly be 

assumed that the given quantities are correct, since we have no 
accurate method of separating them from oxide of cerium; it is 
nevertheless worthy of notice that 7.77 zirconia are a nearly full 
equivalent for 17.95 thorina, for the former contains 2.04, the 
thorina 2.12 oxygen. It might, therefore, be supposed that the 
thorina ig replaced by zirconia in Edwardsite, which, however, 
cannot be assumed from the present view of their atomic compo- 
nuon, since, according to Berzelius, thorina is expressed by 
E 0, zirconia, by 2 Zr -E 30. The tin in Monazite is 


*There is evidently some error in the figures of this analysis, for the sum 


of those given is 101,49. 
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evidently accidental from its minuteness remarkably enough, as 
Rose remarks, he found it also in Edwardsite, by means of the 
blow-pipe. If the presence of zirconia in Edwardsite be confirmed 
and its isomorphy with thorina, then these two minerals can only 
be separated as species; if not, then both will probably agree in 
their chemical composition ; in which case, it will be more proper 
to retain the name Monazite, which it first received.” 


It is proper iu the 4rst place to observe that Monazite is the 
same mineral as that described by Mr. H. J. Brooke under the 
name of Mengite in the Philosophical Magazine and Annals for 
September 1831, (p. 189.) Having received from this gentleman 
a good crystal of the Uralian mineral, and being very forcibly 
struck by the considerations presented in the foregoing paper, I 
instantly set about such an examination of the Edwardsite as the 
nature of the case solicited from my hands. z 


Their identity in crystalline form appears to be nearly complete. 
Brooke gives M on M 95 30’, and I find the crystals of Edward- 
site to measure from 95° to 95° 30’, Again his angle between 
the base (P) and the prism (M) corresponds exactly with mine 
as given in iny first paper un the Edwardsite. Being unwilling to 
fracture my crystal of Monazite to learn its cleavages, I can only 
add on this bead that lines, or rifts of diagonal cleavage are very 
conspicuous in it, in exact accordance with those which are so 
striking in the American mineral. 


The discrepancy in specific gravity between the two minerals 
disappears on subjecting larger crystals of Edwardsite to examina- 
tion. I obtained on a fragment weighing 24 grs. the specific gra- 
vity of 5.00; whereas the Monazite crystal, whose weight is 3 grs. 
equals only 4.61. It will no doubt be a difficult point to establish 
an exact agreement between the two, since the specimens to be ex- 
amined are not only exceedingly minute, but much entangled with 
other substances, as mica, tin ore, æschenite, &c. 


After proceeding thus far in the examination, I felt but little 
hesitation in concluding that the analogy would be found to hold 
further, and extend to an identity in chemical composition; the 
more so, as I distinctly remembered several ambiguous and nearly 
irreconcilable circumstances connected with it. 


All the Edwardsite I could collect by breaking up numerous 
specisnens of the rock amounted to but 5.1 grains. In examining 
each fragment in order to separate foreign matters prior to pul- 
verization, I detected one very perfect crystal of zirdcon, (of the 
form binstriunitaire, fig. 495 of my Treatise,) which taken with 
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the fact that they have frequently been observed in proximity to 
the Edwardsite, leads me to attribute in part the zirconia of my 
former analysts to this source. 

My present object was not so mucli to determine the number 
and proportions of the ingredients as to ascertain whether the oxide 
of lanthanium and thorina are constituents of the mineral, It was 
heated to whiteness for half an hour, with twice its weight of an- 
hvdrous carbonate of soda. The mixture fused into a hard, 
yellowish gray compact mass, which was treated with boiling water 
and the insoluble part separated on the filter. 


The alkaline fluid was supersaturated with acetic acid, and pre- 
cipitated by acetate of lead. The phosphate of lead was ignited 
and weighed 7˙5 grs., which is equivalent to 1.383 grs. phosphoric 
acid, or 27.04 per cent. 


The insoluble matter from the aqueous solution of the calcined 
mineral was now treated with nitro-hyhrochloric acid, and diges- 
ted for several hours. The insoluble portion was separated, ig- 
nited and weighed. It amounted to 2 grs. Its color was reddish 
browu. Believing it still to contain oxide of cerium, I subjected 
it to a new calcination with carbonate of soda, in order to its more 
complete decomposition. It had the desired effect; for after the 
digestion of the calcined mass afresh in aqua regia for two hours, 
the insoluble matter was reduced to 1 gr. which still retained, how- 
ever, a pale tinge of red, evincing that it was not wholly deprived 
of the Cxide of cerium, or lanthanium, or of both. 


This powder was now treated with concentrated sulphuric acid, 
diluted with its weight of water. A solution was effected with 
some difficulty, requiring fur its completion a digestion of at least 
two hours. Nothing remained behind, save a feeble trace of titanic 
acid. The colour of the fluid was yellow. 


It exhibited the following properties: ammonia threw down a 
white hydrate, which absorbed carbonic acid from the air, and was 
really soluble again in hydrochloric acid, with effervescence. Ferro- 
cyanide of potassium threw down a precipitate when added to the 
neutral sulphate, which it does not do in the case of zirconia alone. 
From these facts, I think it safe to infer, that the solution in ques- 
lion contained principally thorina. 


The nitro-hydrochloric solutions of cerium above mentioned, 
were mingled and precipitated by ammonia. The precipitate was 
dissolved in nitric acid, and the solution evaporated tu dryness. It 
assumed a rose red, and had a decided astringent, but metallic 
taste. A solution of hydrochlorite of ammonia was added, and 
on the application of heat, the insolubile oxide was dissolved with 
the evolution of ammoniacal gas. I feel fully authorised, there- 
fore, to announce the existence of the oxide of lanthanium in the 
Edwardsite ; but as to the ratio which it bears to the oxide of 
cerium, I was unable to deterniine anything satisfactorily. 
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Whenever I am able to procure a sufficient quantity of the 
mineral, I shall renew the research into its composition; but in 
the mean time, I am sufficiently satisfied of its relationship to 
Mengite, to withdraw the claim I at first advanced to its distinct 
specilic character. 


By the above investigation, new elements are added to those 
already known in the State of Connecticut. Mr Rose detected 
tin also by the blowpipe in Edwardsite. I may add that I have 
the same metal from two other places in the state, an account of 
which, together with a notice of selenium which accompanies 
the tin at one of its deposits, I reserve fora future occasion. The 
list of our elements has therefore been augmented to the number 
of four, within a short period of time. 


I detect the Edwardsite in a solitary crystal at the original lo- 
cality of Sillimanite, in thetown of Chester, upon the Connecti- 
cut river; but it does not appear prebable that this will prove so 
abundant a source of the mineral as the deposit at Norwich. 


Ibid 


— 


Analysis of Meteoric Stone, which fell near Little Piney, 
Missouri, Feb. 13th, 1839. 


This specimen was obtained by Mr, Forrest Shepherd, and 
described by Mr. E. C. Herrick, in this Journal, Vol. xxxvii. p. 
385. Mr. Shepherd kindly placed the mass at my disposal, which 
enables me to extend the account already published by the 
following notice :— 


On first inspection, the stone appears rather compact and close- 
grained ; it is nevertheless composed for about one half of small 
imperfectly defined globules of the mineral which has been called 
meteoric olivine: In colour they are light gray, inclining to 
pearl-gray, and when freshly broken across, show tints of yellow 
and green. ‘The remaining stony ingredient is white and semi- 
decomposed, resembling the feldspathic mineral in certain trachyuc 
lavas. ö 


Through the whole is sprinkled meteoric iron in little shining 
points, which are often invested with a coating of magnetic iron 
pyrites. By the aid of a glass, a few little black points were 
discovered of a mineral which appeared to be chrome-iron ore. 


Notwithstanding the apparent firmness of the mass, arising out 
of its close-grained structure, it is still possessed of but little 
cohesion, since a slight strain of the fingers is sufficient to produce 
a fracture, even in a rounded shaped fragment of the stone. When 
broken up in this manner, however, the pieces are not prone to 
scparate still farther, so as easily to give rise to a powder. 


The meteoric iron is not tarnished by exposure to the air. It 
was examined for chlorine, without affording any traces of this 
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element. The most striking peculiarity found in this stone, was 
the small proportion of nickel. At first I failed to detect it alto- 
gether, but on a repetition of the scarch with eight grains of the 
alloy, whose nitro-hydrochloric solution in a concentrated form 
was decomposed by ainmonia in excess, I noticed an exceedingly 
faint blue tinge inthe fluid. The chromium, however, is more 
abundant than usual, amounting to above 3 p. c. I did not search 
for tin or manganese. 


The following is a summary of the results obtained :— 


Silicie acid, b 31.37 
Magnesiaa¶; e 25.88 | 

Protoxide of ironn . . . 17.25 > Earthy portion. 
Alümina ss etsek A9 
Socgs.. tes 

FI!!(!ßͤ » 


Cobalt, l 

Chromium, . 4.28 } Meteoric iron. 
Nickle, . wet 

Sulphur, (phosphorus?) and loss, 4.73 


100.00 Ibid 


BRITISH ASSOCIATION PROCEEDINGS. 
AT GLASGOW, 1840. 


On the Cause of the Increase of Colour by the Inversion of the 
Head. By Sir Davip BREWSTER. 


It has been long known to all artists and tourists, that the 
colours of external objects, and particularly of natural scenery, 
are greatly augmented by viewing them with the head bent 
down and looking backwards between the feet, that is, by the 
inversion of the head. The colours of the western sky, and 
the blue and purple tints of distant mountain scenery, are thus 
beautifully developed. The position of the head, however, 
which I have described, is a very inconvenient one; but the 
effect may be produced, nearly to the same extent, by inverting 
the head so far as to look at the landscape backwards beneath 
the thighs or left arm. It is not easy to describe in any precise 
language, the degree of increase which the colours of natural 
scenery thus receive; but an idea may be formed of it from 
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the fact that the colours of distant mountains, which appear 
tame and of a French grey coiour when viewed with the head 
erect, appear of a brilliant blue or purple tint with the head 
inverced. I am not aware of any author, except Sir John 
Herschel, having attempted to explain this phenomenon. He 
has, if I rightly recollect, done this in his work “ Un Light ;” 
but whether it is in that work or not, I remember well, that he 
ascribes the increase of the colour to the circumstance that the 
inversion of the head causes the pictures of the coloured objects 
to fall upon a part of the retina not accustomed to the exercise 
of vision, and therefore less fatigued by the impressions of 
external objects: in the same manner as when we look long at 
coloured objects, the brilliancy of their colour, or of any adja- 
cent object is greatly diminished. An incidental observation 
led me to suspect the accuracy of this explanation, and upon 
inverting the landscape by reflection, I found that no increase 
of colour took place. I then viewed the inverted landscape 
with the head inverted, and found the colour to be increased as 
before. Hence, it appears that the increase of colour is not 
owing to the simple inversion of the object, or to our viewing 
it under unusual circumstances. That the augmentation of 
tint is not owing, as Sir John Herschel supposes, to the impres- 
sion falling upon a part of the retina not so much accustomed 
to receive such impressions, is obvious from the fact that the 
tint is the same upon whatever part of the retina the image 
falls ; and it is easy to see, that the very same part of the retina 
is affected, whether we look at an object with the head upwards 
or downwards, or in any other position, provided we look at it 
directly. In order to acquire some information on this subject, 
I requested a friend who was unacquainted with any theoretical 
views that had been advanced, to make some observations on 
the change of colour of distant mountains. The result of 
these was to convince him that the increase of tint arose from 
the protection of the eye from lateral light, owing tothe position 
of the head when inverted. On submitting the opinion to 
examination, I found that the tint was not increased by pro- 
tecting the eye from lateral rays, even to a much greater extent 
than is done by the inversion or inclination of the head ; and, 
therefore, that this could not be the cause of the increase of 
colour. In this perplexity about the cause of the phenomenon 
in question, I had an opportunity of observing the great in- 
crease of light which took place in an eye in a state of inflam- 
mation. This increase was such, that objects seen by the sound 
eye appeared as if illuminated by twilight, while those seen by 
the inflamed eye, seemed as if they were illuminated by the 
direct rays of the sun. All coloured objects had the intensity 
of their colours proportionally augmented ; and I was thus led 
to believe, that the increase of colour produced by the partial 
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or total inversion of the head, arose from the increased quantity 
of blood thrown into the vessels or the eye-ball—the increased 
pressure thus produced upon the retina ; and from the increased 
sensibility thus given to the sentient membrane. Subsequent 
observations have confirmed this opinion, and though I cannot 
pretend to have demonstrated it, I have no hesitation in 
expressing it as my conviction, that the apparent increase of 
tint to which I have referred, is not an optical, but a physio- 
logical phenomenon. If this is the case, we are furnished with 
a principle which may enable us not only to appreciate faint 
tints, which cannot otherwise be recognised, but to perceive 
small objects which, with our best telescopes, might be other- 
wise invisible. 


On the{[lluminatton of Microscopic Objects. By Dr. Brewster 


Considering a perfect microscope as consisting of two parts, 
viz. an illuminating apparatus, and a magnifying apparatus, he 
stated that it was of more consequence that the illuminating 
apparatus should be perfect, than that the magnifying apparatus 
should be so; and that the essential part of his method con- 
sisted in this, that the rays which form the illuminating image 
or disc shall have their foci exactly on the part of the micro- 
scopic object to be observed, so that the illuminating rays may 
radiate as it were from the object, as if it were self-luminous. 
Now, this can be only well obtained, by illuminating with a 
single lens, or a system of lenses, without spherical or chromatic 
aberration, whose focal length, either real or equivalent, is less 
than the focal length of the object-glass of the microscope. 
The smaller the focal length of the illuminating lens or system 
of lenses, the more completely do we secure the condition that 
the illuminating rays shall not come to a focus either before they 
reach the object, or after they have passed it. When Dr. Wol- 
laston recommended for an illuminating lens, one of three- 
fourths of an inch in focal length, in which the microscopic 
object was placed in a vertex of foci, where the rays crossed in 
a thousand points both before and after they fell upon the 
object, he could have had no idea of the new method of illumi- 
nation. In the construction of a perfect microscope, Sir David 
Brewster recommended that the illuminating and magnifying 
apparatus should have seperate and similar movements along 
the same rod or bar, and that the stage for the objects should 
be unconnected with both, and should also have a motion inde- 
pendent of both. 


The improvement which he communicated on the Polarizing 
Microscope, was one which he had used for several years, and 
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which consists in placing the analysing prism or simple rhomb 
immediately behind the object glass, that is, on the side of the 
object-glass next the eye. The great inconvenience of placing 
it between the eye-glass and the eye, had induced several skilful 
observers to reject the prism altogether as an analyser, or to 
substitute for it a plate of tourmaline, which is quite unfit for 
any observations in which colour is to be considered. The 
analysing prism may remain constantly on the microscope 
behind the object-glass, without in the least injuring the per- 
formance of the microscope, and it should have a motion of 
rotation independent of the body of the microscope. 


On a New Method of Ascertaining the Refractive Powers of 
Minute Bodies, and its Application to Mineralogy. By 
ALEXANDER Bryson. 


The means at present employed in ascertaining the refractive 
powers of crystzlline substances, rendered it necessary to pro- 
cure pieces not less than a quarter of an inch in size, which 
were then to be ground into prisms, before any idea of their 
refractive powers could be obtained. The microscope is well 
suited, with a slight alteration, to give minute differences in 
refractive powers. On the stage of the microscope is placed a 

iece of crown-glass, with fine lines drawn on its first surface. 

f a piece of beryl, or any other mineral with parallel sides, is 
now placed on the glass, the lines will no longer be visible 
through the microscope, until it is raised above the crystal three 
hundredths of an inch. The difference of focus becomes an 
index of the difference of refractive power, between the glass- 
plate and the chrystal. The means adopted to ascertain minute 
changes in focal length, is a scale of hundredths of ‘an inch, 
with a vernier dividing it into thousandth parts. 


On the Preparation of Alloxan, Alloxantine, Thionurate of 
Ammonia, Uramile, and Mureride. By Prof. GREGORY. 


To prepare alloxan from uric acid, Liebig and Wöhler used 
nitric acid sp. g. 1.42, and separated the acid liquid from the 
crystals by means of a porous brick, thus losing the whole 
mother liquid. The author uses nitric acid of sp. g. 1.35. 
The action of this acid on uric acid must be kept moderate. 
When chrystals of alloxan are formed, the whole is thrown on 
a filter, the throat of which is stopped with asbestus. That 
portion of the acid liquid which remains in the crystals is dis- 
placed by a few drops of cold water, and the crystals are purified 
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by re-crystallization. The liquid is again employed in the same 
way, and the crystals collected as before. Five such operations 
may be pertormed with the same liquid, each yielding a large 
crop of crystals; while the mother liquid is preserved, and 
yields a large quantity of parabanic acid, or oxalurate of am- 
monia. By this process the author obtains from 100 parts of 
uric acid, 65 of anhydrous alloxan, or 90 of alloxan - 6 aq. 
From alloxan, alloxantine is easily obtained by the ection of 
sulphuretted hydrogen. Thionurate of ammonia is easily 
formed, by boiling a solution of alloxan with sulphite of am- 
monia and free ammonia. Uramile is also easily obtained by 
boiling a solution of thionurate of ammonia, with an excess of 
diluted sulphuric acid. Murexide is obtained, as described by 
Prof. Gregory on the Thursday (p. 742.) He now exhibited 
the last three processes. He also stated, that the theory of the 
formation of murexide was of great importance in reference to 
organic colouring matters. 


On the Application of Native Alloy, for Compass Pirols. 
By Captain E. J. Johnson, R. N. 


_ Amorg those portions of a ship’s compass which most affect 
its working, are the pivots and caps on which the needle and 
card traverse, and which, like the balance of a chronometer (but 
of far more importance to the practical navigator), should not 
only be fitted with the most scrupulous attention to accuracy, 
but be made of materials capable of maintianing a given form 
under the trials to which such instruments are necessarily ex- 
posed. Having examined a great variety of compasses which 
had been used at sea, wherein Captain Johnson noticed that their 
Pivots were generally injured and often by rust, he searched 
numerous records of experiments for its prevention, and for im- 
proving the quality of steel in other respects, by means of alloys 
of platinum, palladium, silver, &c. (he alluded particularly to 
the experiments of Dr. Faraday and Mr. Stoddart); and Mr. 
Pepys having obligingly supplied Captain Johnson with speci- 
mens of similar kinds of steel to those used by them, these 
examples, together with pivots made of the ordinary steel, and 
hardened and tempered in the manner recommended by eminent 
instrument-makers, were placed in a frame for experiment; and 
to these again Captain Johnson added certain contrivances of his 
own, such as rubbing a steel pivot with sal.ammoniac, then 
dipping it into zinc in a state of fusion, and afterwards changing 
the extreme point. Some specimens he coated with a mixture 
of powdered zinc, oil of tar, and turpentine ; and others again 
were set in zinc pillars, having small zinc caps, through which 
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the extreme point of the pivot protruded after the manner of 
black lead through pencil tubes. The whole of the specimens 
were then placed in a cellar, occasionally exposed to the open 
air, examined from time to time, during more than half-a-year, 
and their several states, as respected oxidation, duly registered. 
Without going into details of this register, the general result 
was, that not any of the kinds of steel pivots used in this trial, 
except such as were coated with zinc, remained free from rust, 
while the pivot made of the “native alloy ” which is found 
with platinum, completely retained its brilliancy. Captain 
Johnson then applied a more severe test to this singular sub- 
stance, first, by placing sulphuric acid, and then nitro-muriatic 
acid upon it; but even under this trial he could not observe 
that any change had been effected, although the blade of a pen- 
knife, subjected to a similar process, was rusted to the centre. 
Having enumerated the facts respecting the trials to which he 
had subjected this curious material, Captain Johnson stated the 
conclusions that he had come to, namely, that it is sufficiently 
tough not to break, and hard enough not to bend, under the 
trials to which it would be fairly exposed ; and that being alike 
free from magnetic properties and liability to oxidation from 
exposure to the atmosphere, it possesses the requisite qualities 
for the pivot of the mariner’s compass; and he could not but 
anticipate that, when fitted with a ruby cap to correspond, it 
would be found greatly to improve the working. Besides 
the application of this substance for compass pivots, Captain 
Johnson stated that it might probably be found advantageous 
for other instruments, and especially for the points of the axes 
of the dipping needles, fitted on Mr. Fox's plan, for use on 
board ship. 


Ona New Rain Guage. By Mr. James Jounston, of Greenock. 


Mr. Johnsten described a new rain guage, so constructed that 
the receiving funnel or orifice at which the rain enters, is al ways 
kept at right angles with the falling rain. By the action of the 
wind on a large vane, the whole guage is turned round on a 
pivot, until the front of the guage faces the quarter from whence 
the wind blows; and by the action of the wind on another 
vane attached to the receiving funnel, the mouth of the funnel 
is moved from a horizontal towards a perpendicular position 
according to the strength of the wind. The receiving funnel 
and vane attached to it are balanced with counterpoise weights, 
in such a manner that the wind, in moving them, has as much 
weight to remove from a perpendicular position, in proportion 
to their bulk, as it has when moving an ordinary-sized drop of 
rain from the same position ; by this means the mouth of the 
guage is kept at right angles to the falling rain. 
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On an Improved Rain Guage. By Mr. Tnox. 


It consists of a cylinder two feet long, and seven inches 
uiameter, sunk in the earth until the mouth of its funnel (which 
{receives the rain) is on a level with the ground surrounding it. 
Into this cylinder is put a float, with a scale or graduated rod 
attached to it, which will move up or down as the water rises 
or falls in the cylinder. There is a thin brass bar fixed within 
the funnel, abeut half an inch under its mouth, with an aper- 
ture in the middle just large enough to allow the scale to move 
easily through it. The upper side of this cross bar is brought 
toa fine edge, so as to cut but not obstruct the drop which may 
alight on it. There is an aperture also in the bottom of the 
funnel, through which the water must pass into the cylinder, 
and through which alsothe scale must move ; but this aperture 
requires to be made no larger than just to permit the scale to 
move through it freely. When the guage is firmly fixed, and 
the float and funnel in their places, water is to be poured in 
till the zero of the scale is level with the upper edge of the 


aperture. 


On the Combustion of Coal and the Prevention of the Generation 
Smoke in Furnaces. By Mr. WILLIAMS. i 


Mr. Williams observed, that in treating on steam and the 
steam-engine, the subject divides itself into the following 
heads :— Ist, The management of fuel in the generation of 
heat ; 2nd, the management of heat in the generation of steam ; 
3d, the management of steam in the generation of fuel. The 
first belongs to the furnace ; the second to the boiler ; and the 
third to the engine. The first, although exclusively in the 
department of chemistry, is to be considered in the Mechanical 
Section, for the purpose of showing its connection with the 
practical combustion of fuel in the furnace. The main consti- 
tuents of coal are carbon and bitumen : the former is convertible 
in the solid state, to the purpose of generating heat; the latter 
in the gaseous state alone, and to this latter is referable all that 
assumes the character of flame. The greater part of the prac- 
ticable economy in the use of coal being connected with the 
combustion of the gases, this division of the subject is peculiarly 
important. We all know that combustible bodies cannot burn 
without air: the actual part, however, which air has to act is 
little inquired into beyonil the laboratory: yet on this part 
depends the whole of effective combustion. Mr. Williams went 
on to show, that all depended on bringing the combustible and 
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the air into contact in their proper quantities, of the proper 
quality and at the proper time—the proper place, and the 
proper temperature. The conditions requiring attention were, 
Ist, the quantity ; 2nd, the quality of the air admitted ; 3rd, 
The effecting their incorporation or diffusion; 4th, The time 
requiring for the diffusion ; and 5th, The place in the furnace 
where this should take place. Mr. Williams exhibited several 
diagrams, representing the several processes connected with 
the combustion of a single atom of coal-gas or carburetted 
hydrogen, and also of bodies or masses of such gas. ‘The 
essential difference between the ordinary combustion of this gas 
in combination with atmospheric air, and that resorted to by Mr. 
Gurney in combination with pure oxygen, in what is called the 
Bude light, was then explained. By these diagrams it was shown, 
Ist, What was the precise quantity of air which the combustion 
required; and 3rd, That the unavoidable want of time in the 
furnace to effect this degree of diffusion was the mainimpediment 
to perfect combustion, and the cause of the generation of smoke. 
From the consideration of these details, the inference followed, 
that smoke once generated in the furnace cannot be burned,— 
that, in fact, smoke thus once generated became a new fuel, de- 
manding all the conditions of other fuels. Mr. Williams dwelt 
much on the chemical error of supposing that smoke or gas ean 
be consumed by bringing it into contact or connexion with a 
mass of incandescent fuel on the bars of a furnace; that, in fact, 
this imaginary point of incandescence, or the contact with any 
combustible body at the temperature of incandescence, was pe- 
culiarly to be avoided, instead of being, as hitherto, sought for ; 
and hence the failure of all those efforts to prevent or consume 
smoke. The great evil, then, of the present furnaces was their 
construction, which did not admit the necessary extent of time 
(or its equivalent}, time being essential to effect the perfect dif- 
fusion or mixture of the gas, of which every chemist knew the 
importance, and on which the experiments of Professor Graham 
were so conclusive. Mr. Williams then proceeded to show, 
that unless some compensating power or means be obtained, 
and practically and economically applied, we can never arrive 
at full combustion, or prevent the formation of smoke. This 
compensating power was shown to be obtainable by means of 
surface, and was well exemplified in the blow-pipe: the remedy 
then, for the want of time in the furnaces, may be met, by in- 
troducing the air in the most effective situation, by means of 
numerous small jets. Mr. Williams considered the primary law 
to be this; viz. that no larger portions of air, that is, no greater 
number of atoms of air, should be introduced into any one lo- 
cality, that can be absorbed and chemically combined with the 
atoms of the gas with which they respectively come into con- 
tact. Again, that the effecting, by means of this extended sur- 
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face, this necessary diffusion was the main condition which 
required attention, and not that of temperature. Mr. Williams 
then exhibited the diagram of a boiler to be constructed on the 
above principles, and stated that he had an experimental boiler 
at work, which fully proved the accuracy of the principle. 


Sir John Robinson stated, that the Committee of Recommend- 
ations had suggested the appointment of a Committee to make a 
ſurther investigation of Mr. Williams's plan, and report the result 
of the enquiry to the Association at their next meeting.— Mr. 
Vignoles observed, that the gradual increase of the aperture 
for the blast of cupolas for second meltings of metal, the areas of 
which were now at least fifty times larger than formerly. 
proved the necessity of admitting large quantities of oxygen in 
combustion, which eould only be obtained in its combination with 
the nitrogen, the other component part of atmospheric air. 


MISCELLANEOUS ARTICLES. 


Portable Match-bougies. 


M. Chaussard, one of the most industrious gilders of the 
Capital, (Paris) has just patented a charming little affair which 
must soon come into general use, for it will be as convenient an 
article to the workman, the artist and the gentleman, as to peo- 
ple of fashion. It consists of a small case, not more than half 
an inch in diameter and three inches long, and of course as 
easily carried in the smallest pocket and held in the fingers as 
the most delicate snuff box. Within is a quantity of phosphorie 
matches and of little bougies. You take of the cover, hold it 
between the fore and middle fingers, take out a bougie, place it 
in a little opening in the cover which supports it, then draw out 
a match, rub it lightly on the case, the end of which, carved 
into concentric circles, produces a friction that kindles it. The 
bougie is lighted and the case being closed, you hold in the hand 
a veritable little wax candlestick, with a light which will burn 
for five minutes, and of course long enough to go up stairs and 
to light up a room, to read a letter, which any one may hand 
you of an evening in the street, to hunt for an object dropped 
in a dark place, to render assistance in an infinity of cases in do- 
mestic life when a light is suddenly wanted,—in a carriage, in a 
étage, to kindle a fire, light a candle, &c. &c. If both hands are 
wanted for any of these purposes, the match case may be placed 
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on the floor, on a table, or in the chimney, and it stands quite 
secure. The price of these little untensils is very moderate, 
and within the reach of all. 


Franklin Journal 


Rec. Soc Polytech Jan, 1840, 


Interesting Facts in Acoustics. 


M. Jobard, a skilful artisan, states the following fact : 


An iron rule of considerable size, was left by chance resting 
ona bladder partly filled with gas in my laboratory. I hap- 
pened to hit it in passing, with a hard body, and was surprised 
at the long continuance in the sound which escaped from it. I 
repeated the experiment, and ascertained that a metallic rule, 
supported on one or two moist bladders, filled with air or gas, 
had its vibrations not more rapidly weakened or checked tad 
if it had been freely suspended in space. We may even derive 
from it various kinds of sounds, by varying the intensity and 
place of the strokes. Other occupations have prevented me 
from pursuing the experiments. I suppose that a metallic or- 

an key, (clanier) supported by two thin tubes of caoatchouc, 
Filled with air, would give the same results as a piano a cordes, 
and that it would better preserve its accordance.” Ibid 


Absolute Alcohol. 


M. E. Soubeiran, at the conclusion of an article on the recti- 
fication of alcohol, gives the following direction : 


“Ifyou wish to obtain absolute alcohol easily, abundantly, 
and economically, it must first be rectified over carbonate of 
potash, which will bring it to 94° or 939, thus : 

1. Bring it to 97° by distilling it with 100 grammes (= 155 
grs. troy) per quart of fused chloride of calcium, or, letting it 
digest on 2325 grains per quart of quick lime, in a warm place 
for two or three days, and then distil slowly from 3875 grains 
per quart of quick lime. 

2. Add to the alcohol at 94°, 7750 grains troy, per quart of 
quick lime; leave them in contact two or three days in a warm 
stove, and then distil slowly. The lime communicates to the 
alcohol no unpleasant taste or odour, as some have imagined 
and written; that happens only when the alcohol has not been 
previously rectified. 

After this has been done over the alkaline carbonate, such an 
effect need not be apprehended, and the alcohol obtained has all 
the qualities that can be desired.” Jour de Pharm Jan, 1898 
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On the Influence of Native Magnesia, (Giobertite) tn the 
Germination, Vegetation, and Fructificalion of Plants. By 
ÂNGELO ABBENE. 


It has been thought that the presence of magnesia may be 
numbered among the various causes which render land sterile, 
because it has been remarked that magnesia soils have an arid 
character. This opinion has begun to lose credit since Berg- 
man, on examining the composition of fertile soils, considered 
magnesia as one of their principal constituents. 


Professor Giobert has made many trials to discover the parts 
which the native magnesia acts that is found in several arable 
lands. In the vicinity of Castellamonte and Baldissero, this 
substance is abundantly diffused, in soils which are cultivated 
with great success, and on which a vigorous vegetation prevails. 
There are many localities in Piedmont and other places, where 
the double carbonate of lime and magnesia abounds in cultivated 
territories, which produce beautiful crops. Giobert has infer- 
red from these experiments, Ist, that native carbonate of mag- 
nesia is not adverse to the fruition of plants; 2nd, that in 
consequence of the solubility of the magnesia in an excess of 
carbonic acid, the earth may exert an action analogous to lime; 
2rd, that a magnesian soil may become fertile when used with 
the needful quantity of manure employed. 


The consequence which naturally flows from these facts is, 
that the magnesia has been dissolved in an excess of carbonic 
acid and water, and enters, like lime, into the composision of the 
sap, and ought to be found in the plant like potash, lime, oxide 
of iron, &c. This M. Abbene has assured himself ot by the an- 
alysis of the aslies of plants which vegetated in magnesian mix- 
tures. He has also tried by comparative experiments the 
question, whether the influence of magnesia in vegetation is 
analogous to that of lime. The conclusions which he thinks 
are deducible from these trials are: 


Ist. Native magnesia is not unfavourable to the germination 
Vegetation, and fructification of plants, but appears favourable 
to these functions. 


2nd. Magnesia, being soluble in an excess of carbonic acid, 
exerts an action similiar to lime, and when a soil contains mag- 
nesia not sufficiently carbonated, a remedy is found in the ad- 
ition of manure, which, by its decomposition, furnishes the 
needful carbonic acid. The amelioration will be the more 
efficacious if the land be well stirred up, because the air will 
then better perform its office. 
ard. When in arable soils both lime and magnesia exist, the 
first is absorbed in preference by plants, because it has a greater 
affinity for carbonic acid. 
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4th. In sterile magnesian soils, it is not to the magnesia that 
the sterility is to be attributed, but either to the cohesion of 
their parts, to the want of manure, clay, or other ingredients, 
to the great quantity of oxide of iron, &c. 


5th. Sterile magnesian soils may be fertilised by means of 
calcareous substances, such as plaster, chalk, ashes, marl, &., 
provided the other conditions are attended to. Ibid. 


Dilatation of Oils. By Pror. F. Preisser, of Rouen. 


On the 27th of March, 1838, M. M. Levavasseur Frères, of 
Rouen, foreseeing a rise in the price of oil, purchased a quan- 
tity, partly of seed and partly of fish oil, amounting to 4232 
hectolitres, which were stored tn the magazines. On the 14th 
of July the Octroi took a fresh account of the oil, and found that 
instead of 4232 it amounted to 4279, hectolitres 40 litres.— 
Granting 30 hectolitres 40 litres for inevitable loss and waste, 
there remained 17 hectolitres (about 450 gallons) which could 
not be accounted for, and these merchants were accused by the 
Octroi of a fraudulent introduction of this excess. 


Prof. Preisser being consulted on the case, he undertook an 
investigation of the amount of dilatation which oil undergoes by 
a given rise of temperature. He found, by several methods of 
trial, that in rising from the freezing to the boiling temperature 
of water, olive and linseed oil expands one part in 1200, and 
whale oil one part in 1000. Neatsfoot oil expands one part in 
980, oil of colza one in 1120, nut oil one in 1100, and white oil 
one in 1250. 


Thus it appeared, that in taking into account the mean dif- 
ference in atmospheric temperature between the time of storage 
and subsequent measurement of the oil, the quantity in excess 
was at once accounted for by the natural expansion of the mass. 


The calculation for finding the increase of volume of any 
number of hectolitres (and of course other measures) for a given 
difference of temperature, is extremely easy: it is only to divide 
the number of measures by the co-efficient of increase, stated as 
above, for one degree of temperature, and to multiply the 
quotient by the number of degrees constituting the difference 
of temperature. 


The above facte show the imprudence of completely filling 
barrels with oil in winter, and leaving them unmoved through 
the summer. The oil must necessarily find its way through 
the joints of the casks, or otherwise burst the containing vessel. 


The same principle is applicable to other liquids. The co- 
efficient for alcohol is 1-900. 


By attending to these facts, errors of opinion, and perhaps 
expensive law-suits may be avoided. Idem, Fev., 1839. 
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Development of Odours. 


Every one is acquainted with the rotation which a piece of 
camphor undergoes in water, and the explanation of the fact 
which usually ascribes it to the disengagement of the odorant 
vapours which exhale from it. It is known also that the leaves 
of the schinus molle placed on water, forcibly retract when the 
surface of the water is covered by a layer of odoriferous oil. 
M. Morren has just observed a similar phenomenon produced 
by the volatile oil secreted by the down of the passiflora fetida. 
When some of the down or hair is placed under water, a small 
drop of green oil detaches from it, and swims on the water. 
This drop expands; contracts, expands, contracts again, then 
seems to burst with force, but the fragments unite to expand 
again a moment after, and thus the action goes on for about ten 
minutes, after which the oil is by degrees concentrated, and be- 
comes motionless. These facts may serve, perhaps, to point 
out a physical theory of odours. Tem: AGH 


Easy preparation of Anhydrous Phosphoric Acid. By RichAnp 
FELIX MARCHAND. ( Journ. fer Praktische Chemie.) 


In a large porcelain dish place a small support, surmounted 
by the cover of a crucible, or a little porcelain capsule. Put 
into this capsule a few pieces of dry phosphorus, and place over 
it a large bell glass, with an opening at top, stopped by a cork, 
through which passes two tubes, the one large, and extending 
down almost to the capsule. It may be closed at top by a cork ; 
the other narrow, and bent at an angle on the outside. 


This narrow tube is to be connected with an apparatus for 
preparing oxygen gas—a retort in which chlorate of potash is 
eated, is perhaps preferable—though the most desirable mode 
is to cause it to issue from a gasometer, and to dry it completely 
by passing it over chloride of calcium and sulphuric acid. The 
oxygen gas must first be passed in, so as to expel the atmos- 
pheric air ; then inflame the phosphorus, by passing a hot iron 
rod down the large tube. When all the phosphorus is burnt, 
more may be passed down the tube into the little capsule. The 
retort may be easily changed when all the chlorate of potash is 
decomposed. When the bell glass becomes too hot, the opera- 
tion must be stopped till it cools, otherwise it will inevitably 
break. In this way, a very considerable quantity of the acid, 
almost pure, may be made in a very short time. With a quar- 
ter of a pound of phosphorus I have made more than half a 
pound of anhydrous acid. When the combustion is well ma- 
naged, scarcely any vapours are disengagcd. The flakes of 
acid attached to the bell glass and capsule may be quickly re- 


moved by a spoon. It must be preserved in well closed bottles. 
Idem, Juin, 1839. 
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Rock Cryetal Spun. By M. Gaui. 


M. Gaudin sent to the Academy of Sciences, at the last 
(April) session, specimens of rock crystal, which he had suc- 
ceeded in melting and drawing out into threads several feet in 
length, with the greatest ease. One of these can be wound 
into a skain, and the other wound round the finger. 


M. Gaudin has found also, that melted rock crystal moulds 
eisily by pressure, and that it is very volatile at a temperature 
a little above its melting point. Alumin acts very differently 
from silica; it is always perfectly fluid, or erystalized, and 
cannot be roaa to a state cf viscosity; while viscosity, 
separate from all tendency to crystalization, is the permanent 
condition of silica under the oxygen blowpipe. Alumin is 
much less volatile than silica ; it often, however, undergoes 
ebulliticn. 


In a more recent essay, M. Gaudin has tried the temper and 
relations of rock crystal, which has afforded unexpected results. 
If a drop of melted crystal fall into water, far from cracking 
and flying to pieces, it remains limpid, and furnishes good 
lenses for the microscope. When struck by a hammer, the in- 
strument rebounds, and the lump will sink into a brick rather 
than break : its tenacity is such, that pieces can be detached 
only as splinters. It resembles steel in elasticity and tenacity. 


Silicious compounds act nearly in the same way as rock cry- 
stal. The sandstone of the pavements spin off like it, with 
this difference, that its threads, instead of being limpid, are of 
a pure white, nacreous, silky, and chatoyant, in a singular de- 
gree, so that they might be mistaken for silk ; and the globules, 
to a certain degree, have the aspect of fine pearls. There is no 
doubt that in this way successful means will be employed in 
producing imitations which will be preferred to natural pearls, 
since they will possess the hardness of annealed rock crystal, 
mstead of that of a calcareous compound. 


The emerald threads perfectly well, and its threads, which 
scratch rock crystal, are also more tenacious than crystal 


threads. tdem 


Separation of Lime from Magnesia. By J. W. DOBEREINER' 
(Journ. für Praktische Chemie.) 


Hf anhydrous chloride of magnesium be treated in contact 
with air, oxygen is absorbed, and the chlorine abandoned. 
This decomposition, that is, the transformation of chləride of 
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Magnesium into magnesia, is now prompt and complete when 
chlorate of potash is used instead of air. 


This property renders the separation of lime from magnesia 
very easy. Dissolve the compound of these two bodies (e. x. 
dolumite, &c.) in hydrochloric acid ; evaporate to dryness ; heat 
the dried mass in a platina capsule till the acid vapours clear, 
and add to it, urging the heat to commencing redness, small 
portions of chlorate of potash, until there is no further disen- 
gagement of chlorine. The remaining mass is then composed 
of chloride of calcium, magnesia, and chloride of potassium, 
the separation of which is easily effected by treating the mixture 
with water, filtering the solution, precipitating the filtered liquor 


by carbonate of soda, &c. 
Idem. Juillet, 1839 


Fabrication of Flint and Crown Glass. 


On the 27th of January last, M. Bontems, director of the glass 
works at Choisy-le-roi, read to the Academy of Sciences a me- 
moir, in which he described the process by which he succeeds 
inmaking flint glass and crown glass, exempt from streaks and 
bubbles, and perfectly white, (clear ?) 


M. Guinand had before succeeded in making flint glass with- 
oat striæ, by working (brassant) the melted glass into a per- 
fectly homogeneous mass. He accomplished this by means of 
cylinders of refractory earth, like that of crucibles. These cy- 
linders, closed at bottom, were open at top, so as to receive 
forked iron rods, with which the mass of melted glass could be 
stirred as long as necessary, fresh rods being used as they grew 
hot. M. Guinand had thus resolved a part of the important 
problem of the fabrication of optical glass, but he left some of 
its elements in uncertainty. Guided by the experience of this 
skillful manufacturer. M. Bontems discovered that in making 
flint and crown glass, the absence of bubbles depends on the 
proportion of the elements of the glass, and the arrangement of 
the fire toward the end of the operation. Thus far, also, fluid 
glass had attained a density of only 3.2 without injuring its 
clearness, (blancheur) while he has been able to give it a density 
of 3.6, and as clear as the most beautiful crystal; and crown 
glass as clear as that of Saint-Gobain or Saint-Guirin. He is 
preparing also to furnish opticians with disks of flint glass and 
of crown glass, of 40, 50, and even 60 centimetres (==2 feet 
nearly) in diameter. He appends to his memoir a plan of his 
ovens and crucibles, and points out all the details of his process. 

Idem, Mors, 1940. 
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On the Precipitation of Gold. By A. Morin, of Geneva. 


Whenever gold is dissolved for any purpose in the arts, a no- 
table portion of it remains in the mother waters, and various 
means have been recommended for extracting it. The princi- 
pal substances used for this purpose are sulphate of iron, and 
formic acid, or the formiates of potash and sada. 


Though the sulphate of iron is a low priced article, com- 
pared with the formiates, the value of the metal is such, that 
the materials of higher price would be unhesitatingly employed, 
if the would extract the gold more completely. It may be in- 
teresting, therefore, to the workers in the metal, to know the 
comparative value of the two processes most generally recom- 
mended for its precipitation. l have attempted to resolve this 
question by treating the mother waters resulting from some pre- 
parations of this metal. 


They were divided into two equal parts, each weighing a 
kilogramme, (21 lbs. nearly) and as each contained a little more 
than two grammes(30.88 grains troy )theyrepresented a solution 
of 1-450 of the metal. 


Into one I poured concentrated formic acid, until it acquired 
a decided acidity. The colour became a fine deep yellow. No 
gold was precipitated, even when heated. The formiate of pot- 
ash tried with a small portion of this liquid diluted, showed no 
reaction. It was only when the liquid was half evaporated that 
metalic spangles appeared on the surface. 


The addition of a few drops of caustic potash increased the 
quantity, and it was added as long as it increased the precipitate, 
which had the appearance of dark flocculi mixed with metallic 
spangles. It was soon deposited. The liquid was neutral and 
of a green colour. The farther addition of caustic potash gave 
no precipitate, and formic acid only changed the colour to a 
deep yellow. A fresh concentration produced no separation of 
the metal. The precipitate, washed and dried, was black. 
Heated to redness, it soon assumed the golden lustre. Its 
weight was 1.535 grammes. The washings and the mother 
waters were then mixed with a solution of sulphate of iron. An 
abundant black precipitate was formed, which I treated with 
muriatic acid with heat. It became of a clear brown, and very 
light. Adding more sulphate of iron, metallic spangles were 
formed, and it was continued till nothing more appeared. The 
deposit, washed with warm water, and then with acid, was 
dried and heated. It had the metallic splendour, and weighed 
0.717 grammes, about one-half the preceding. United to the 
former, the weight was 2.252 gr. 

This essay might appear sufficient to prove the superiority of 
sulphate of iron over the formic compounds; but I nevertheless 
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tried the direct action of the sulphate on the other portion of 
liquid, first acidulating it with muriatic acid, and heating it. 
The sulphate of iron was added as long as any precipitate ap- 
peared. At first violet, it passed to a clear brown. The preci- 
pitate was separated from the supernatant liquid, washed with 
water and muriatic acid, dried and reddened. It weighed 
2.880 grs., sensibly equal to the two other precipitates. 


The mother waters and the washings created were treate1 
with formiate of potash, which occasioned no precipitate, even 
on the concentrated liquid. 


These trials prove— 


Ist · That formic acid precipitates gold only when evaporated, 
so that the solution contains at least 1-225 of gold. 


2d. That the formiate of potash does this better than formic 
acid alone. 


3d, That formiate of potash separates from a concentrated 
solution only about 3 of its gold. 


4th. That sulphate of iron precipitates completely from 
liquids containing only 1-450 of gold. 


Sulphate of iron, therefore, is complete, more easy, and more 
economical. Two precautions are nevertheless necessary for 
complete success-the use of heat and a notable addition of 
muriatic acid. Heat gives cohesion to the precipitate, which 
facilitates its separation. The acid accelerates the action of the 
sulphate of iron. Idem, Fev., 1840. 


Phenomena observed with respect to Carbonic Acid, subjected to 
pressures superior to that of the Atmosphere. By M. CoukRRRE. 


Water, at common temperature and pressure, dissolves about 
its volume of carbonic acid ; and if the pressure is increased, 
the absorption is also a volume of gas for each atmosphere, so 
that by means of a manometer, we learn the state of the interior 
of the vessel. The law, however, does not hold good for all 
pressures, and even at 5 volumes, the indicated pressure is often 
7, the temperature being 15°, so that, in fact, a term must be 
arrived at in which the liquid must lose its solvent power, and 
the gas become nearly ready to assume the liquid state. 


It follows, that gas, compressed over a given liquid, under- 
goes variable pressures, which are not always correspondent 
with the number of volumes dissolved. The nature of the 
liquid also causes a variation in the results. 


The trials which I have made to come at a knowledge of the 
phenomena, were practised upon champagne bottles, in good 
condition, and which support about 20 atmospheres, a sufficient 
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guarantee against fracture ;—and yet, when wine ferments in 
them, we are struck with the damage which takes place in the 
course of a month, amounting, in the experience of some cham- 
pagne merchants, to 15, 20, 30, 40, often 50, and even 60 per 
cent. Place a manometer however, in connexion with the re- 
sisting bottles, and it scarcely ever indicates more than 7 atmos- 
pheres. ‘The fracture, therefore, must be due to some other 
cause than pressure, or that the tension of the gas, for reason I 
am about to furnish, suddenly iacreases, and transcends 20 at- 
mospheres, the cohesive force of the glass. 


Observation has proved to ine, that in this liquid, the internal 
tension is very strong when it contains a little more than five 
volumes of carbonic acid ; that even at three to four vols. it is 
great, and that between four and five vols., the bottles never 
break. The manometer indicates seven atmospheres. 


The cause of this appears to me to be attributable to the dis- 
solving power of the liquid to the gas, which is variable at each 
pressure. The tension will be the more feeble as the affinity 
of the water for the gas is greater. Hence in a mixture of 
liquid and compressed gas, there are two forces in operation, 
the force of solution and the force of tension. When three or 
four volumes are dissolved, the soluble force is weak, and can- 
not overcome the tension of the gas; at four to five volumes, the 
pressure is sufficient to bring the affinity of the liquid for the 
gas to its maximum, and to give the latter a tension equal to 7. 
At five volumes and more, the solvent power diminishes ; the 
tension increases, surpasses the cohesion of the glass, which is 
equal to 20 atmospheres, and breaks it. These singular results 
seem foreign to ali that has hitherto been known relative to the 
solution of gases in liquids. | 


It is proper, however, to notice what M. Soubeiran has said 
in his work on gaseous acidulated waters: One fact worthy of 
remark, is, that notwithstanding the bad quality of the products, 
the gas contained in the bottles is sufficient to expel the corks 
to the end of the experiments, and yet, when we come to exa- 
mine the liquid, we find but a small quantity of carbonic acid 
in it.“ This fact appeared to M. Soubeiran an anomaly, and he 
endeavours to explain it by saying: “The operator, by his dex- 
terity, was enabled to enclose a portion of gas in the neck of the 
bottle, which accumulates there with sufficient intensity to drive 
out the cork, but there was no coincidence between the volume 
of gas retained in the water and that of its superior atmosphere.” 


The various phenomena above presented, may be assimilated 
to examples of another kind the solution of salts in water. It 
is known that sulphate of soda is more soluble at 40° than at 
20°, at 60°, &c., so that a line may be traced in a diagram 
through points which indicate the quantity of salt dissolved, and 
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the temperature—a line which chemists call the curve of solu- 
bility. In the same wey in the phenomena of gases, I think that 
a Careful series of experimeuts might establish a curve of solu- 
lity of gases in liquids at even degrees of pressure, and that 
these Apparently contradictory facts might be reduced to gene- 
ral lawa. Thus the pressure over a solution of carbonic acid 
85 1M Certain liquids, acts absolutely like heat in a solution of 
salts im water—a correspondence which appears to me to be de- 
monStrated by the experiments above detailed. 


In the work referred to, M. Soubeiran gives a table of expe- 
NMEMNts which shows that agitation increases the tension of the 
8485 the difference is particularly marked at the beginning of 
the Operation. The agitation of the liquid,” says the author, 

constantly increases the pressure of the gas at the surface, and 
uses the water to lose a portion of the gas it held in solution.” 

may mention, that I made more than fifty experiments with 
~es of champagne at 5 volumes, and that the manometer, 
which indicated 7 atmospheres, did not vary a demi-millimetre 
therefore, if the observation of M. Soubeiren can be relied 

"pon, the empty space modifies the phenomena according to its 
mable extent or dimensions I say the empty space, because 

experiments ot Soubeiran were made with casks of 30 gallons 
d Water, charged with 4 volumes of carbonic acid gas, and hav- 

m Void space of 24 gallons at the surface. 

In general, when a liquid like water contains several volumes 
of Carbonic acid in consequence of increased pressure, the gas 
capes almost instantly, as soon as the pressure is relaxed, and 
the Ii quid retains about a single volume ; but champagne wine 
acts A f¥erently. As soon as the cork is withdrawn, about half 
a volu rne of gas escapes immediately, and the disengagement 
ntinues slowly till it amounts to a volume, and then stops; 
when a bottle may be left long uncorked without a total loss of 
Sas. I am now supposing that the wine has been well prepared, 
and SOmewhat dried by tannin. This singular fact is owing to 
organic matter extending, in a kind of: network, through the 
„ mass, and which condenses and retains the gas precisely 
E Certain powders, and a great number of porous bodies, even 
4 er the common pressure of the atmosphere. Acies de I’ Aca- 

. Royale des Sciences de Bourdeauz, 1839. Idem 


== 
EDITORIAL NOTICES. 


Electricity of Steam. 


We have been very anxious to place before the readers of the 
annals, the communications of Messrs. Armstrong and Pattison, 
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regarding the extraordinary electrical phenomena which they have 
obserred whilst experimentary on the steam issuing from high 
pressure boilers: and shall be glad to receive communications 
from any quarter where similar experimenting have been made, with 
the precise mode of carrying on thos3 experiments, and their re- 
sults. And as it is possible that many who try will fail in obtain- 
ing sparks of electricity, we hope that no experimenter will, on 
that account, consider himself incompetent for the undertaking ; 
because, although perhaps, a melancholy sympathy, we can assure 
him that he will not stand alone in that respect. We happen to 
know of some failures in Manchester; and amongst the rest, our 
own experiments have, hitherto, been unsuccessful ; although every 
precaution has been taken to detect even the minutest development 
of electric action. We have other experiments in view which will 
soon be made; and we have access to several high pressure boilers, 
where our experiments are intended to be carried on: and in the 
next number of the Annals, our readers may expect a full account 
of all the particulars attending them. 

Several Manchester gentlemen, are about to make similar ex- 
periments at different boilers, both for stationary engines and for 
locomotives ; and the results will be published in an early number 
of the Annals. 

Electro-Magnets.— Mr. Radford's electro-magnetic disc, first 
brought forward at the conversazione at the Royal Victoria Gallery 
(see page ) has since that time been tried with a battery of eight 
iron jars in two series of fuur each, and with a bundle of copper 
wires, instead of the copper rod, for the conductor. It now carries 
about 223 cwt. Mr. Radford is making a larger battery, by the 
action of which the magnetic powers of the iron disc will very 
shortly be tested ; and our readers may expect to hear of the results 
in the next number of the Annals. 

Voltaic Batteries—The superior powers displayed by Mr. 
Sturgeon’s cast iron battery even with the comparatively small ar- 
rangements hitherto made, have induced a few lovers of science, 
members of the Royal Victoria Gallery, to enter into a subscription 
for the purpose of defraying the expense of an extensive battery 
on the same principle. Five hundred pairs of metals, exposing 
four square feet of surface each, are contemplated on for this mag- 
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nificent battery. The iron is to be ſormed into rectangular boxes, 
open at top. The vertical sides of each box to be about thirteen 
inches Square inside, and the ends and bottom about 1} inches 
broad, leaving that space between the sidcs for the reception of a 
square foot of stout rolled zinc. The battery is already in hands 
and will be proceeded with without delay. 

Electro-type.—A very valuable application of the electro-type 
process has, for some time past, been made by Mr. Davies, Philo- 
sophical Instrument Maker, Bold-street, Liverpool. It is the 
growing and multiplying of the finely divided metallic scales of 
mathematical and philosophical instruments, many of which are 
ver) €X pensive by the usual process of engraving. We are not 
aware Of a more important application of the electro-type process, 
and we heartity wish Mr. Davies every success in turning it to 
acount in his own department. By making this important appli- 
catio ra Public, without attempting to monopolise it to the exclusion 
of im Provement in the hands of others Mr. Davies has secured to 
himself not only the credit of the discovery, but the best wishes 
of society. Mr. Davies's discovery ought to have appeared in the 
Annals for last month, but by some means or other his letter on 
that Subject was mislaid. 

Deg zeerrelype.—We wish to warn the purchasers of these 
beau ti ful pictures, to keep them as much as possible ſrom strong 
licht. and from air, as they will otherwise spoil, and become defaced 
in a Short time. We have ulready seen instances of this kind. 

We have, in this number, given Dr. Priestley's own account of 
his ©XPperiments on the Lateral Discharge ; which our readers will 
find more interesting than the partial account of them hitherto 
placed before our readers. 

8 shall give another paper oſ Dr. Priestley's on the same sub- 
> AN Our next number. 

© have also given Capt. J. L. Winn’s acconnt of an interesting 
electrical phenomenon, in which the lightning conductor of his 
ship discharged an abundance of sparks, effects of electrical waves. 

© Particularly recommend the perusal of the above two papers 
Very inventor of lightning conductors; and we can promise 


h . : 
Wem still more valuable data, (recently obtained,) in our next 
number. 


ject 
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“ A constant reader” of the Annals, may expect to sec the Hon. 
M‘Cavendishs experiments and theory, as soon as we Can find 
room. i 


Aurora Borealis.—A very brilliant Aurora was seen in Man- 
chester, on the evenings of Sunday the 20th, and Monday the 
21st of December, 1840. We happened to see this phenomenon 
on the latter evening, about ten o'clock. It was then very bright, 
with an immense quantity of diffuse white steamers; This, we un- 
derstand, was its general appearance on the preceding evening. 
The wind was very light, and easterly, with a gentle frost. The 
Aurora was seen here several times in January last ; on one occa- 
sjon the upward waves of light were very grand. 


Prize Volumes of the Annals of Electricity, &c. 


In order to stimulate and promote experimental inquiry, in the 
various departments of Electricity and Magnetism, the Editor 
proposes to offer prize volumes of the Annals, to those experimen- 
ters who may be most successful in the following subjects :— 


ist. For a description ofthe most powerful, soft iron, or Electro- 
magnet, in proportion of the weight of the iron employed in its 
structure; which is not to be less than 10lb. The voltaic battery 
employed will be at the option of the experimenter; and is to be 
described by him, with the manner of using it in the experiments 
with the soft iron magnet. 


2nd. For the invention of an electrical-machine, wore powerful, 
in proportion to size, than the usual plate or cylindrical form. A 
full description of the apparatus, with a suitable drawing, will be 
required. 

3rd. For an accouut of the most extensive and best conducted 
experiments on the electricity of the steam of boilers of high or 
low pressure engines; with all the particulars respecting the cha- 
racter of the water employed in each boiler; aud such other parti- 
culars as may appear interesting. 


4 For the best mode of procuring Electro-type Plates, different 
from thuse published. 


5 For the best a ga on any branch of experimental research 
in Electricity, or in Magnetism. 

The prize for each of the above subjects will be Volume VI, of 
the “ Annals of Electricity, Magnetism, and Chemistry, &c;” 
bound, and gold lettered in the first-rate style, with a suitable 
emblem and motto. To be presented to the successful candidates, 
or to their agents, (in London, if required,) on the first day of 
August, 1841. . 

The communications on the above subjects are to be addressed 
to Mr. William Sturgeon, Royal Victoria Gallery of Practical 
Science, Manchester, on or befure the first day of May, 1841. 


Lectures on Electricity, Magnetism, &c. 


LECTURE III. 


Having already made you acquainted with the modes of 
deJecting the pith balls, by one, and the same, excited body, 
a sealing-wax, glass, amber, &c., it will now be necessary to 
informa you of the character of those phenomena which are dis- 
payed by the employment of two or more distinct excited 
bad ies : whose electric forces are brought into play upon the 
electroscope fig. 5, plate vii., vol. 5, at one and the same time ; 
and ira order to familiarize the experimental operations we will 
mploy two of those bodies with which we have already expe- 
"mented, viz., a stick of sealing-wax and a tube of glass. 


Excite the sealing-wax by some of the processes already 
ofthe and communicate its electric forces to the brass arm 
€ electroscope fig. 5, whose pith balls will remain diver- 
a nt after the excited wax is withdrawn. Now excite yonr 
ag tube by rubbing it in the hand covered with warm black 
metallis d present this excited tube to the upper side of the 
€ arm of the instrument, and parallel to it, and you find 
© balls collapse by the approach of the glass tube, but 
ther te from one another again as you withdraw the tube from 
those These motions of the pith balls are the very opposite to 
alone Which are displayed by the operations of the sealing wax 
one > for in that case, the pith balls diverged further from 
erciteg cher by the approach of the sealing wax, but by the 
& lass they collapse. 
us now reverse this experiment, by first exciting the 
F Sr de and communicating its electric forces to the arm and 
pen the electroscope, by drawing the tube over the metallie 
the instrument, and afterwards approaching the upper 
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side of the arm with an excited stick of sealing wax. You will 
now observe that the phenomena displayed by this mode of 
experimenting, is of precisely the same character as those 
observed by the former, or converse method ; for the pith balls 
will as decidedly collapse by the approach of the excited wax, 
as they did before by the approach of the excited glass tube. 
These are exceedingly beautiful facts, and cannot be too soon 
implanted on the mind; for although they appear simple in 
themselves, they are the foundation stones upon which much 
reasoning in electricity is based: and upon which alone many 
of the grandest operations of nature find an easy solution. 


In those of the preceding experiments in which the electro- 
scope was not touched, we have held the excited body, whether 
sealing wax, glass, amber, &c., directly over and parallel to, the 
horizontal arm of the instrument; but there are other modes of 
experimenting with these pieces of apparatus, which are pro- 
ductive of some variation in the phenomena, with which it will 
be necessary to become acquainted before we shall be enabled 
to explain several of those already noticed. 


Let us now again excite the sealing wax, and again commu- 
nicate its electric action to the electroscope by drawing it along 
the arm. The pith balls will diverge as usual. Now touch 
the metallic arm with your finger, and immediately the pith 
balls will fall close to each other, and all electric action entirely 
disappears. Now perform the same experiment with the ex- 
cited glass tube, and you find the same results to appear. You 
may try excited amber, sulphur, or any other body in place of 
the glass, or the wax, and in all cases you will observe that by 
touching the metallic arm of the electroscope you deprive the 
instrument of all its electric action. The same thing would 
occur were you to touch. the metallic arm with any of those 
bodies which have the faculty of conducting the electric fluid 
with a considerable degree of facility, such as metallic bodies, 
charcoal, &c. 


Another method of abstracting the electric action from the 
electroscope, is by presenting the finger, or other good con- 
` ductor, to the divergent pith balls. You will first observe that 
the balls will approach the finger, and after being in contact 
with it for a few moments they will fall off again, having lost 
all their electric force. The electroscope may also have its 
electric action neutralized by the fine point of a needle, or a 
pin, presented to the brass arm without touching it. In this 
case the pith balls will gradually collapse until the electric 
action entirely disappears. 

Let us now again excite the sealing wax, and afterwards draw 
it over the arm of the electroscope as in previous experiments, 
leaving the pith balls divergent. Now excite the glass tube and 
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draw it also over the metallic arm. The resuit of this experi- 
ment is very equivocal, and depends upon the proportional 
electric forces of the two excited bodies. If the force commu- 
nicated to the instrument by the wax be exactly of the same 
extent as that communicated by the glass tube, they will 
balance each other, and the pith balls will colapse, and remain 
close together after the glass tube is withdrawn. But, as is 
more frequently the case, when the two forces do not balance 
one another, the balls will diverge, and remain divergent, after 
the glass tube is taken away from the electroscope. 


Let us now reverse this experiment by first exciting the glass 
tube, by communicating a part of its electric action to the elec- 
troscope, by drawing it over the metallic arm; and afterwards 
exciting the sealing wax and drawing it also over the arm of the 
mstrument. In this case the behaviour of the pith balls will be 
similar to that exhibited by the preceding experiment. The 
will remain close together after the wax is withdrawn, if the 
action communicated by the wax be equal to that communicated 
by the glass, but in all other cases they will remain divergent. 
Moreover, the remaining divergency may be due either to the 
action of the electricity of the wax, or to that emanating from 
the glass tube, accordingly as their respective forces predo- 
minate. And the angle of divergency will, in all cases, depend 
upon the degree of the remaining force. 


Now, to understand whether the remaining electric aetion in 
electroscope be due to the electricity of the wax, or to that 
communicated by the glass tube, we have only to excite either 
the one or the other again, say the glass, and present it to the 
upper side of the arm of the electroscope. If the balls diverge 
farther, their previous divergency was due to the action of the 
glass tube, but if they collapse, that divergency was due to the 
action of the Wax. But if, instead of the excited glass tube, we 
employ the excited wax, for the purpose of discovering the 
residuum electric action in the electroscope, then, should the balls 
diverge farther by its approach, the residuum of electric action 
is due to the electricity of the wax, and if they collapse, it is 
due to the glass. 


From several of the results of the preceding experiments, we 
have obvious instances of the electric powers of sealing wax, and 
those of glass, by the hitherto described modes of excitation, coun- 
teracting one another, and when the experiments are made with 
great care, the electric forces which emanate from the two excited 
bodies, are found to neutralize each other very exactly. Hence 
we learn, that thuse forces are of opposite kinds, and must 
necessarily originate from different electric conditions, which the 
aan process have occasioned in the sealing wax and the glass 
tube. 
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In consequence of the electric forces emanating from glass and 
sealing wax, by the methods of excitation hitherto described, be- 
ing found to neutralize each other, some philosophers have been 
of opinion that there are two kinds of electric matter, one belong- 
ing to the glass, and the other to the sealing wax; and as the 
electric action of all vitrious bodies has been found to correspond 
with that emanating from glass; and the electrie action of amber 
and all resinous bodies to correspond with that of sealing wax; the 
former has obtained the name of vitrious electricity, and the latter 
that of resinous electricity. These technicalities were brought 
furward in a very early period of the science, and answered the pur- 
pose of illustrating the principles of a certain hypothesis, now 
n2arly exploded by subsequent discoveries which show that, at 
least, the terms vifrious and resinous are decidedly incorrect, as 
the character of the electric force emanating from either class of 
bodies, can be varied at pleasure: an instance of which I will now 
place before you. 


Let us excite a stick of sealing wax by rubbing it against the 
sleeve of the coat, or against fur, &c., as hitherto described, and 
then draw it over the metallic arm of the electroscope, and leave 
the pith balls divergent. Now change the fur, &c., for a piece of 
tin foil, and rub the surface of the wax a few times, very briskly, 
with the foil held in the hand. Present the newly excited sealing 
wax towards the upper side of the arm of the instrument, and the 
pith balls will collapse in the same manner as by the approach uf 
an excited glass tube. And if the sealing wax be drawn over the 
metallic arm, the balls will remain together even after itis taken 
away from the instrument. And, indeed, all those phenomena 
which the excited glass tube has shewn in the preceding experi- 
ments, can also be shown by a stick of sealing wax when excited 
by tin foil: which show that there is no peculiarity of action in the 
wax, but that its electric character depends Ft nature of 
substance against which it is rubbed; or, if you please, with 
which it is excited: and as this is the case with all resinous bodies, 
hence the absurdity of the term restnous electricity. The term 

vitrious electricity is also incompatible with experimental facts, 
because by varying some of the circumstances in the process of 
excitation, the character of the electric action proceeding from 
glass and other vitrious bodies, will vary accordingly. This fact 
is very easily shown by employing a tube of glass whose surface is 
made asperous, either by means of acid, or sperma by 
means of emery powder, or by a common grinding stoue. When 
a glass tube, thus prepared, is excited by a piece of silk in the 
manner already described, its electric action corresponds with that 
einanating from sealing wax, and the resinous bodies, which have 
been excited by woollen cloth, or by fur, &c., and is Silas Cae 
opposite to that displayed by a smooth glass tube, similarly excited, 


The difference in the electric action of excited smooth glass by 
dry silk, and that of sealing wax, &c., by fur, woollen cloth, &c., 
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was discovered by M. Du Fay, intendant of the French king’s 
gardens, about the year 1733; who, in consequence, introduced 
the terms vit rious aud resinous electricity. After describing some 
other of his discoveries, Du Fay proceeds to describe the one in 
question in the following manner :— 


“ Chance has thrown in my way another principle more univer- 
sal and remarkable than the preceding one; and which casts a new 
light upon the subject of electricity. The principle is, that there 
are two kinds of electricity, very different from one another; one 
of which I call vitrious, and the other resinous electricity. The 
first isthat of glass, rock-crystal, precious stones, hairs of animals, 
wool, and many other bodies. The second is that of amber, copal, 
gum lac, silk, thread, paper, and a vast number of other sub- 
stances. The characteristics of these two electricities are, that 
they repel themselves, and attract each other. Thus a body of the 
Vitrious electricity repels all other bodies possessed of the vitrious ; 
and on the contrary, attracts all those of the resinous electricity. 
The resinous, also, repels the resinous, and attracts the vitrious. 
From this principle, oue may easily deduce the explanation of a 
great number of the phenomena; and it is probable, that this 
truth will lead us to the discovery of many other things.” 


As this discovery formed an important epoch in the history of 
electricity, by furnishing materials for, what was then considered, 
an essential part, at least, of a complete theory of the science, 
which met with little or no opposition for about twenty years after- 
wards, and even tu the present day, is adhered to by certain phi- 
losophers, the above passage of the author's will always be an 
interesting document to refer to. But, as I have already shewn 
by experiments, as the glass or the sealing wax can be made to 
display either the one or the other kind ol electric action, by vary- 
ing the circumstances of the excitation, Du Fay’s hypothesis of 
vitrious aud resinous electricity is perfectly untenable. The dis- 
covery of varying the character of electric action of excited bodies, 
was first shown by Mr. Canton, by some experiments which that 
philosopher made in December, 1753, about twenty years after 
those made by Du Fay. Some of Mr. Canton’s experiments were 
those I have already described with tinfoil and sealing wax, and 
with rough glass and silk. Till this discovery by Mr. Canton, 
the friction of sealing wax had always been supposed to produce 
One kind of electricity, and the friction of glass another kind; 
which “ were thought to be essential, and unchangeable properties 
of those substances. 


Notwithstanding the prevailing idea which philosophers enter- 
tained respecting the difference in the electric actions of vitrious 
and resiuous substances, Dr. Watson in this country, and Dr. 
Franklin in America, had explained electrical phenomena upon 
very different principles to those set forth in the hypothesis of 
Du Fay, about some six years previously to the discoverics of 
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Mr. Canton which I have already mentioned: and although Dr. 
Franklin has had the credit of the theory which is now generally 
adopted, it is certain that Dr. Watson has a prior claim to it, at 
least so far as the dates of their respective views were made public. 
“ Dr. Watson showed a series of experiments to confirm the doc- 
trine of plus and minus electricity to Martin Folkes, Esq., then 
president, and to a great number of Fellows of the Royal Society, 
so early as the beginning of the year 1747, before it was known in 
England that Dr. Franklin had discovered the same thing in 
America.” See the Philosophical Transactions, vol. xliv. p: 739; 
and vol. xlv. p. 93—101. Dr. Franklin’s paper, containing the 
same discovery, was dated at Philadelphia, June Ist, 1747.“ 


The principles of the Franklinean theory of electricity are 
similar to those which I have advanced at the commencement of 
these lectures; viz., that all electric phenomena emanate from the 
operations of a peculiar kind of matter. The following outline of 
this theory is copied from Priestley’s History. 


“According to this theory, all the operations of electricity 
depend upon one fluid sui generis, extremely subtile and elastic, 
dispersed through the pores of all bodies; by which the particles 
of it are as strongly attracted, as they are repelled by one another, 


“When the equilibrium of this fluid in any body is not disturbed, 
chat is, when there is in any body neither more nor less of it than 
its natural share, or than that quantity which it is capable of retain- 
ing by its own attraction, it does not discover itself to our senses 
by any effect. The action of the rubber upon an electric,+ disturbs 
this equilibrium, occasioning a deficiency of the fluid in one place, 
and a redundancy in another. 


“ This equilibrium being forcibly disturbed, the mutual repul- 
sion of the particles of the fluid is necessarily exerted to restore it. 
If two bodies be both of them overcharged, the electric atmos- 
pheres{ repel each other, and both the bodies recede from one 
another to places where the fluid is less dense. For, as there is 
supposed to be a mutual attraction between all bodies and the 


* Priestley’s History.— The original papers of our old indefatigable elec- 
tricians are extremely interesting to every cultivator of the science, on 
which account, we shall occasionally present them to our readers, as we 
find room in the Annals.— EDIT. 


+ Those bodies which wore ercited by rubbing, such as glass, amber. 
sealing wax, &c., were formerly called electrics ; and the rubbing substances 
employed, were called non-electrics; from the idea that the former class 
alone could be excited, and that the latter could not be excited, which is 
contrary to fact, as we shall see as we proceed. 


t Electric atmospheres are supposed to surround all bodies that are in a 
state of electric action, and are more or less extensive as the body is more 
or less electrically active. I shall have occasion to illustrate the doctrine of 
elcctric atmospheres at some considerable length, in subsequent lectures. 
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electric fluid, electrified bodies go along with their atmospheres. 
If both the bodies be exhausted of their natural share of this fluid, 
they are both attracted by the denser fluid, existing either in the 
atmosphere contiguous to them, or in other neighbouring bodies ; 
which occasions them still to recede from one another, as much as 
when they were overcharged. , 


“Lastly, If one of the bodies have an overplus of the fluid, and 
the other a deficiency of it, the equilibrium is restored with great 
violence, and all electrical appearances between them are more 
striking.” 

If we admit that the Franklinean theory embraces the true 
principles of electric action, we shall be enabled to understand the 
cause of many phenomena which, otherwise, would appear to be 
exceedingly intricate. 

The attraction of light bodies by an excited stick of sealing 
wax, or by a glass tube, and the jumping motions produced in 
bits of paper, &c., described in the first lecture, may now be 
easily explained. When a smooth glass tube is excited by silk, 
it is supposed to derive its electric action from a redundancy of 
fluid which it has obtained from the silk; hence it is said to be 
electrized plus, or positively. But when the sealing wax is excited 
by fur, woollen cloth, &c., it is considered to have lost a portion of 
its natural share of the electric fluid; and is therefore said to be 
electrized minus, or negatively. Hence you will easily understand 
that, in the former instance, the redundant fluid which the glass 
tube was charged with after excitation must necessarily have been 
obtained from the silk with which it was rubbed: and, in the 
second case, some of the fluid naturally belonging to the sealing 
wax, must have been carried off by the fur, or the cloth which 
formed the rubbing substance. Therefore if these rubbing sub- 
stances were to be insulated, they ought to exhibit electric action 
of an opposite character to the bodies which they respectively 
rubbed, and consequently of an opposite character to each other, 
which 1s absolutely the case: for the electric action communicated 
to the electroscope by the excited glass tube, is as decidedly neu- 
tralized by the electric action of the rubbing silk, as by that of an 
excited stick of sealing wax. And the electric action of the seal- 
ing wax is also neutralized by that of the fur, or woollen cloth, 
with which it is rubbed. It can also be shown that the electric 
action exhibited by the silk, is of the opposite character to that of 
the far, when these substances are rubbed against smooth glass and 
against sealing wax, respectively: and that these actions will neu- 
tralize each other. 


When the excited sealing wax was held over the bits of paper, 
in the first experiment, it being negatively electrical, was disposed 
to abstract fluid from the nearest bodies that were capable ef furnish- 
ing it, which in this case were the bits of paper and the table on 
which they. were placed; but as neither off these were in contact 
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with the wax, and as the light bodies were easily moved bya 
moderate attractive force, they were thus lifted to the wax, to which 
they gave off a part of their natural share of fluid, and became as 
decidedly negatively electrical as the surface of the wax itself. In 
this condition they were attracted by the table or the plate on which 
they were first placed, and where they were soon replenished with 
fluid; and now being in the same electrical condition as at first, 
were again attracted by the sealing wax, giving to it another por- 
tion of fluid: and by a series of journeys between the table and 
the wax, the latter became so far supplied with fluid as to diminish 
the attractive force too far to continue the motions of the paper 
any longer. The wax, however, was still left in a minus condi- 
tion, as might be easily shown by the employment of very deli- 
cate electroscope such as will be described by and by. 


When the excited glass tube is used to produce motions in light 
bodies, the latter carry the fluid from the tube to the table, until 
it is deprived of nearly all its redundant fluid: the forces then 
become too feeble to continue the motions. We must not forget, 
however, that the electrical fluid is highly elastic, and that like all 
other elastic fluids it makes its way, or expands to the greatest ex- 
tent in that direction where the resistance is the least. Hence, 
in the case of sealing wax, which was rendered negative by 
excitation, and consequently, its attenuated fluid presenting a 
Jess resistance to that in the paper and table, than was presented 
on any other side, the latter expanded in that direction, and urged 
or carried the light bodies along with it to the surface of the wax: 
or at least, assists materially in producing their motions. 
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A Report of some Experiments in Almospherie Electricity, made 
in the Autumn of 1840, during which the Disengagement and 
Insulation of Ozone were es By W. H. Weekes, Esg., 
Surgeon; Lecturer on Philosophical and Operative Chemistry, 
&c. &c. 


The almost incessantly advancing importance of electrical 
science, with the now obvious identity of the atmospheric, 
frictional, and voltaic currents, and the manifestation of this 
universal agent in connection with all physical as well as 
chemical changes, are primary considerations which have united 
to confer upon the subject an interest, the intensity of which 
few sources of philosophical enquiry have even succeeded in 
creating. The earlier cultivators of this delightful field of 
knowledge, Franklin, Priestley, Cavallo and others, in order to 
obtain materials for the basis of a superstructure, most industri- 
ously collected and recorded every fact, however seemingly 
trivial, in any way bearing upon, or derived from, their favour- 
ite pursuit; nor, though our progress in these branches of 
philosophy has recently been distinguished by some gigantic 
strides, does it appear less valuable or necessary, if we would 
profit by our advancement, to persist in similar records of our 
observation and experience. In accordance with these views is 
the chief object of the present paper. 


It might, perhaps, almost seem that in the grand kite ex- 
periment of Franklin, and the great practical results derived 
therefrom ; in the philosophical deductions of the Abbe Nollet 
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and Signior Beccaria, added to the sublime, and—to some 
minds—terrific phenomena exhibited by the apparatns of M-de 
Romas, apart from the valuable labours of more modern experi- 
menters, that the science of atmospheric electricity had been 
pretty well exhausted of its essential constituents. Such, how- 
ever, I must submit is very far from being the case. The long 
continued and splendid operations ofthe celebrated electrician 
of Broomfield, Andrew Crosse, Esq., have at once shed a new 
and expanded lustre on this department of physics; and, I 
trust, that ata future day he will not withhold from his less ex- 
perienced brethren in science a full development of his valu- 
able labours in a typographical form. To the fresh ardour and 
excitement inspired by the extraordinary personal kindness of 
this gentleman, in exhibiting and explaining to me his magni- 
ficent arrangements, I owe the circumstance of having under- 
taken to extend about 365 yards horizontally over the town in 
which I reside, an atmospheric electrical machine, which, dur- 
ing many months past, has frequently furnished results of a 
highly brilliant and interesting character, independent of the 
minor phenomena which it almost uniformly presents. The 
erection and carrying out of this apparatus presented man 
difficulties and required numerous modifications, not incidental, 
I believe, to its adoption in an open country; though the suc- 
cessful issue has amply compensated for the labour and expen- 
diture employed. This atmospheric exploring wire is insulated 
at its extremities against the balls from which arise the vane- 
spindles of the two principal churches of the town, one hundred 
and thirty-six feet above a base line supposed to be drawn be- 
tween the two edifices. An intermediate station is supplied by 
an elevated chimney, near to which is given off a descending 
wire communicating with various operative arrangements inside 
the window of my laboratory, and, by means of these, the other- 
wise most terrific electric current, is managed with ease and 
certainty, while the experimentalist looks on with a feeling of 
cool philosophic satisfaction. I propose to subjoin a few notices 
illustrative of the effects which obtain from the passage of the 
anne ae current through this instrument, and I must pre- 
mise that these remarks are substantially extracts from my daily 
electrical journal. 


September 16th, 1840.—As the autumnal months have ap- 
proached, the atmosphere has become highly prolific in electri- 
cal phenomena; many of these have assumed a character of 
great interest and splendour, but I can scarcely hope that my 
descriptive memoranda will succeed in conveying an adequate 
idea of the magnificent exhibitions which have rapidly followed 
each operation during nearly three hours past noon this day. 
Last evening the barometer sunk suddenly to 28,60, wind W. 
S. W., and increasing from a previously smart breeze, with other 
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indications of an approaching storm. During the night some 
heavy falls of rain occurred, and this morning at sun rise the 
wind blew smartly from the same quarter as yesterday ; the sky 
soon became over-spread with various modifications of cloud, 
and among them that peculiar form which usually precedes 
nimbification was predominant, moving with considerable ve- 
locity at a moderate altitude in the direction of the wind. The 
instruments throughout the forenoon continued to diverge with 
negalive electricity, the divergence gradually decreasing as the 
day advanced. A few minutes before noon a stupendous, dense, 
and heavy looking black cloud, having its edges remarkably 
depending and flocculent, advanced immediately over the line 
of wire, and commenced discharging its aqueous contents most 
furiously. This had no sooner obtained than a continuous tor- 
rent of sparks of the first magnitude, formed violently, from the 
large globular terminus of the atmospheric machine to the in- 
ferior receiving ball, attended by corresponding sharp cracking 
explosions, each being equal to the report of a moderate size 
pistol, and resembling in general effect the well known running 
fire occasioned by the rapid discharge of a multiplicity of small 
firearms. With short intervals of a few minutes, as clouds of 
a similar character continued to arise over the line of wire, 
these splendid phenomena recurred with more or Jess brilliancy 
until about three o'clock p.m. At one period during this 
grand display three distinct flashes of lighting were observed in 
brief succession, and almost identically with the appearance of 
each flash, streams of brilliant fire, having most extraordinary 
intensity, rushed through the apparatus with a loud hissing 
sound, similar in its effects upon the auditory nerves, to that 
which obtains when a considerable mass of red hot iron is sud- 
denly thrown into water. However, in one instance, the cloud 
fiom which the electrical discharge proceeded, could not have 
been very near the line of our operative arrangements, as from 
five to six seconds were distinctly counted between each flash 
and the thunder which followed*. 


* These grand displays of the electric matter from the apparatus, were 
obviously the effects of electrical waves, occasioned by the distant flashes of 
lighting. They are phenomena of very frequent occurrence to the kite 
experimenter during lightning. We have frequently met with similar ap- 
pearances whilst experimenting with electrical kites; and it is somewhat 
‘ingular that Mr. Snow Harris, who says that he is a kite experimenter; 
never saw any of these splendid phenomena; and consequently has no idea 
Whatever either of their grandeur, or of the cause of their production. 


We are in hopes that Mr. Harris will read Mr. Weeke's vory beautifully 
descriptive account of these phenomena, with a great deal of interest. For 
our own part, we hail them as additional, and, indeed conclusive data in 
support of the inferences we arrived at concerning the phenomena observed 
on board the Dryad and Beagle, when these ships were supposed to be 
struck by lightning. (See Annals, Vol. IV, p.171.) The hissing noise in Mr. 
Weeke's experiment was precisely that heard by the people in the ships: 
both being. like that produced by the quenching of red hot iron.— Edit. 
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During the progress of this grand eleetrical drama I made 
numerous experiments, (that is to say, some twenty- five or thirty 
times,) by means of excellent test instruments, on the quality 
of the fluid thus abundantly yieliled, and found it frequently 
alternating from the positive to the negative state, as though a 
series of highly charged zones were gradually being passed over 
the apparatus, successively opposed to each other in their dis- 
tinctive character. 


Owing to the long continuance of this remarkable erial dis- 
turbance, a fine opportunity presented for testing the chemical 
and mechanical effects of its powerful electric current. Of this 
I availed myself in several instances ; the results, which I shall 
not at present detail, proving such as to raise sanguine antici- 
pations in my mind relative to its occasional employment as an 
agent of decomposition ; while the mechanical phenomena inci- 
dent to the discharge of large electric batteries were not less 
surprisingly exhibited, in the instantaneous transit of the fluid 
through thick folds of paper, layers of cardboard, and in other 
instances, piercing thin plates of glass, and shivering the thicker 
kinds into pulverized fragments. 


Incidental to the mechanical arrangements of my atmospheric 
machine, and immediately beneath the large terminal ball in the 
window of the laboratory, is fixed a long mahogany tray for 
the reception of various electrical instruments, which, as cir- 
cumstances may require, are connected by stout wire commu- 
nications with other series of apparatus placed on the table, &c., 
in different remote parts of the room. Among those employed 
to-day, the electric fluid was seen playing in a zig-zag form, 
and gambling, as it were, in all directions ; moreover—though 
found to be perfectly under command, by mederate attention 
to the provisional means of safety originally adopted so profuse 
was the igneous stream in this instance, that while it was abun- 
dantly supplied within doors, a similar discharge of flashes and 
sparks was frequently given off identically to the knob of a 
secondary safety-rod, contiguous to one of the insulating stations 
on the outside of the building. The intensity of the electric 
action (almost constant for nearly three hours) proved so great, 
that the surfaces of the terminal and receiving balls in the locali 
of the line of discharge, were afterwards found extensively 
oxidated, and forming a beautifully radiated appearance to the 
depth of nearly half a line in the solid metal. In completing 
the arrangements to which. I am indebted for this grand dis- 
play, I had certainly contemplated, that some very extraordinary 


+ The origin of this idea, that thunder clouds are constituted by a series 
of concentric electrical zones, belongs, 1 believe, expressly to Andrew 
Crosse, Esq. I have only to add, that many recent experiments which I 
have had an opportunity of instituting, by means of the machinery men- 
tioned in this paper, tend unequivocally to confirm the opinion. 
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and interesting results would obtain, but I must freely confess, 
that my most sanguine anticipations were left far behind by the 
splendour and sublimity of this day’s exhibitions; the whole 
scene being one continuous presentation of astonishing magni- 
ficence, a competent idea of which I specially feel my inability 
to convey. 


Shortly after three o’clock, p.m., the clouds gradually dis- 
persed ; a fine blue sky succeeded, and even a trace of free 
electricity could no longer be detected by my most delicate test 
instruments. Nature, as though wearied by over exertion, now 
seemed to express a determinate repose. 


While the brilliant phenomena I have attempted to describe 
Were passing, the atmosphere of my laboratory (a room 18 feet 
by 12, and 14 feet in height) became so thoroughly impreg- 
nated wih a peculiar effluvia disengaged by the electric current, 
that persons who entered were immediately sensible of its pre- 
vaience, and repeatedly uttered expressions of surprise at the 
strong phosphoric odour manifested. Every practical electri- 
cian is familiar, at least in a minor degree, with the remarkable 
effect produced by this odour on the olfactory nerves. I have 
experienced its development from even comparatively moderate 
discharges of atmospheric electricity, on several former occa- 
sions, but, perhaps, the quantity which must have been set 
free in the present instance, is without a parallel in the records 
of the science. 


In reference to what I shall have to subjoin, I feel that it 
will be merely an act of ordinary justice in me to state, that on 
the following day (Sept. 17th,) I was favoured by a visit from 
my friend W. G. Lettsom, Esq., who, immediately on my de- 
tailing to him the experiments, &c., of the preceding day, and 
more especially my observations on the prevalence of the extra- 
ordinary phosphoric odour, directed my attention to the trans- 
lation of a letter from M. Schöenbein to the celebrated Arago, 
On the nature of the odour manifested in certain chemical 
actions,” which letter had appeared in the Compte Rendu de 
Academie des Sciences, No. 28.“ In this paper M. Schöenbein 
maintained that the phosphoric odour arising from the action of 
an electric current, constitutes a peculiar . odoriferous princi- 
ple,” to which, from its most evident character, he gives the 
name of ozone, and he feels almost sure that it should be ranked 
in the class of bodies to which chlorine and bromine belong, 
that is, among the elementary and hologeneous substances. 
He further concludes that ozone must be disengaged every time 


lt isa singular coincidence, as since appears, that at the identical time 
of my experiments and observations, and that also of M. Schoenbeins 
paper becoming known to me, tho latter was actually being read in the 
chemical section of the British Association then in progress at Glasgow. 
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that sparks and lightning traverse the atmosphere. To the cor- 
rectness of the latter conclusion, my own experience in atmos- 
pheric electricity will enable me to bear ample testimony. From 
M. Schoenbein’s conviction that this body is always disengaged 
in the air, and in perceptible quantity, in stormy weather, he 
proposes a series of experiments, which he considers sufficiently 
interesting to be undertaken every where—and of this there can 
be no doubt—by placing plates of platinum in very elevated 
situations, taking care to make them communicate with the 
earth. As this metal invariably acquires negative electricity (ac- 
cording to M. Schoenbein) by the action of the odoriterous 
principle,” it may be concluded that ozone is developed when 
the platinum is found to be negatively polarized, and this fact 
must be ascertained by means of an exquisitely delicate galva- 
nometer. The series of experiments proposed by M. Schoen- 
bein, to be effected by means of elevated discs of platinum 
connected with the earth, I find to be of as practicable nature 
as could well be desired, when the apparatus communicating 
with my erial exploring wire is employed for that purpose ; 
and, as I shall presently endeavour to show, this arrangement, 
or certain modifications thereof, would be admirably adapted, 
both in principle and operative detail, to a further prosecution 
of the inquiry, in relation to the electro-chemical and other 
effects of ozone. Whenever a free electric current in the form 
of sparks is passing from the terminal ball of the apparatus to 
the earth—and this is a frequent occurrence during hasty showers 
of either rain, hail, or snow ; dry easterly winds, &c., to say 
nothing of thunder storms—if a piece of platina foil, some three 
or four inches square, fastened to a wire, and held in the hand 
of the operator (if the discharge be not too powerful at the time, 
and if so it must be otherwise supported) be brought for a few 
seconds into the vicinity of the ball, and more especially in the 
direction of the current, the plate necessarily acquires a negative 
polarity, which may be immediately shewn by the galvanometer, 
and the experiment repeated with the greatest facility as often 
as desired. 


It will be remembered that the great atmospheric disturbance, 
hitherto forming the subject of this paper, took place on the 
16th September. The remaining part of the month proved 
also highly prolific in similar phenomena: the 19th, 22nd, 24th, 
25th, and 29th furnishing instances of powerful electric currents, 
scarcely inferior in quantity and general effect to that already 
described. Nor was the succeeding month less interesting to 
the electrician, in this respect, except that the force of the at- 
mospheric current appeared upon the whole to be very gradu- 
ally declining. I shall, however, pass over any especial notice 


+ We have introdueed M. Schoenbein's letter next article but one. Edit. 
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of these events, and extract from my journal the Memoranda of 
October 2Sth.— During the greater part of last night and this 
morning, the atmosphere has been in a highly electrical condi- 
tion. Late last evening distant lightning flashes were repeatedly 
observed ; subsequently a gale came on from the S. W. accom- 
panied by hail storms and heavy rains. Early this morning a 
powerful current of dense sparks, from two to three inches in 
length, and of the apparent thickness of one’s little finger, 
having great intensity, passed from the terminal ball to the 
earth ; and the splendid scene it furnished has been frequently 
renewed in the course of the day. Many interesting experi- 
ments were highly effective, but more especially the following 
instituted expressly with a view to prove the disengagement of 
ozone, as recently supposed, by M. Schöenbein, to occur during 
the passage of the electric spark through the air. ‘The little 
apparatus used on this occasion as an appendage to my atmos- 
pherie machine, and which I will now describe, had been pre- 
pared in readiness a few weeks since, though no convenient 
opportunity for employing it has hitherto presented. 


The cylindrical glass vessel a, fig. I, Pl. I, three inches in diameter 
and nine in height, is fitted with a metallic cap b, from the centre 
of which rises a stout wire eight inches in length, but at right 
angles some three inches from its extremity, where it is termi- 
nated by a brass ball g, one inch in diameter. The cap of the 
instrument, b, and the substantial metallic foot-stand c, are 
respectively furnished with a narrow rim into which the ends 
of the cylinder are accurately ground so as to fit somewhat 
tightly, yet capable of being easily detached at pleasure. To 
the under part of the circular plate d, which is nearly equal in 
diameter to the glass itself, and has a rim turned up all round, 
is soldered a tube e, sliding freely over a second tube /, the 
latter being soldered firmly to the centre of the foot-stand c. 
By means of the sliding tube the disc d can be raised or lowered 
at pleasure, whereby its required distance from the upper plate 
or cap 6 is readily adjusted. The metallic fittings of the instru- 
ment are neatly made of sheet zinc, well ground and polishe d; 
all sharp edges being avoided, except as regards the rim of the 
circular plate d, which presents an accute edge all round to the 
cap above. 


The glass cylinder having been well warmed, and freed from 
every particle of dust, the circular plate d adjusted to three and 
a-half inches from the cap 6, the knob g was brought within 
sirtking distance of the large ball (four-inches in diameter) 
forming the terminus of the atmospheric apparatus, while a 
tremendous current of electric sparks was being rapidly dis- 
charged. Strong flashes of brilliant light with occasioned dense 
sparks were immediately seen passing between the two metallic 


0 
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surfaces within the cylinder, notwithstanding the broad daylight 
which prevailed. When about fifteen seconds had elapsed, the 
instrument was withdrawn from the terminal ball, and the cap 
b removed. In an instant it was evident that ozone had been 
most abundantly disengaged, and the atmosphere of the cylin- 
der had become so strongly impregnated with a powerful pun- 
gent phosphoric odour, that I found it exceedingly inconvenient 
to respire over the aperture of the glass; nor could I find any 
individual out of several present willing to permit its approach 
towards their nostrils beyond a second or two. A piece of 
platina foil about three-inches in length and two and-a-half 
broad was next placed vertically on the stand d, and the instru- 
ment a second time brought within the striking distance. The 
former appearances were renewed, and at the expiration of 
twelve seconds the platinum being withdrawn, it was found, 
agreeably to the theory of M. Schoenbein, to have acquired a 
strong electro-negative polarity. 


The electric current continuing favourable for some time 
longer, I was induced, upon a little reflection, to expose several 
solutions of the different salts, contained in small watch glasses, 
and supported upon the plate d, to the action of an atmosphere 
strongly impregnated with ozone produced by the passage of a 
dense electric steam through the cylinder. That certain chemi- 
cal changes took place in these solutions admits of no ambiguity 
in my own mind, though I was not enabled to pursue the ex- 
periment for a sufficicnt length of time to arrive at satisfactory 
conclusions. As opportunity may present, I design to repeat 
these experiments, and also, if possible, to ascertain the action of 
ozone on several gaseous and other bodies. 


In conclusion I will mention that, while experimenting with 
the little apparatus above described, I placed a great number of 
small irregular pieces of dry elder pith, the angles of which 
were acute and uncertain, upon the moveable plate d, and, 
while the electric current was passing at the acme of its vigour, 
several of these took fire and burnt with great brilliancy. The 
fine and delicate angles presented by the fragments of pith, 
acting as so many points opposed to the cap of the instrument, 
the intensity of the current being great at the time, ignition al- 
mest immediately took place; the fragments of pith the while 
remaining stationary, or exhibiting only very slight motion oc- 
casionally.— During all the experiments recorded to have been 
made on the 28th, the electric current was invariably negative. 


Sandwich, Dee. 22nd, 1840. 
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On the Identity of the Ordinary and Voltaic Electricity. By J. 
Goopman, Esq., M. R. C. S., &c. (continued from page 13.) 


Read at the Royal Victoria Gallery, November, 1840. 


29. To imitate the electro-chemical actions of the galvanic 
fluid by ordinary electricity, we are obliged, as before stated, 
to proceed in our experiments with a perfectly continuous cur- 
rent, and, for reasons hereafter to be mentioned, to obtain a view 
of the gas generated, (40, 43) to confine the current in conductors 
of a most limited magnitude“. 


30. It appears to me there have been two principal causes 
why analogical decompositions have not been effected. The 
first has been that a sufficiently fine and delicate diameter has 
not been given to the conductors or guarded poles ; (26) (Wol- 
laston's method of constructing such as would decompose by 
current alone being difficult and tedious he first obtained a 
nitro-muriate of gold in solution, placed the same ina glass 
tube, melted the tube with the blow-pipe, by which means he 
also evaporated and drove away all the acid, and then, by draw- 
ing out the tube, rendered the metallic lamina of gold exceed- 
ingly minute. His results, however, being, on certain accounts, 
unsatisfactory, as has already been pointed out.) The magni- 
tude of the poles being too great, has induced the experimenta- 
list, from the great paucity of fluid in the ordinary electric 
current, to separate some portion of the conducting material 
and produce sparks or shocks in the circuit, and thus render gas 
visible where none can be obtained by the mere current, which, 
as shown in my last, destroys the identity of effect of the two 
fluids, (2 1.22.27). The second cause of failure has generally 

the deficiency in qranlity of the current fluid producing 
such scanty developement of gas—that it would have been folly 
in the operator to have attempted to procure as much as could 
be subinitted to the test of explosion by the electric spark. 


31. The method which I found necessary to adopt in the 
construction of the guarded poles, was the following :—I pre- 
cured a proportion of the finest platina wire obtainable in town, 
hammered its extremity until it formed a flat plate, whose area 
was about 10 or 12 times the diameter of the wire; and with a pair 
of scissars cut it into as fine a point and filament as possible, 
and placed the wire in a small glass tube, melted the extremity 
until it adhered to and covered the filament, and afterwards by 
p aoin exposed the point sufficiently for a small spark from 

he machine just to pass—which point could by no means be dis- 
covered either with the naked eye or a microscope. A curve was 
also given to the lower part of the glass tube, see g. g. fig. 2. 


* This applies only to the guarded poles, (26) sec now 47. 
t See Dr. Faraday's 3rd series, (329) 
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32. Finding the electro-chemical powers of the current alone 
from the machine exceedingly low, I became desirous of availing 
myself of the powers of the increasing battery, before described. 
(22). But the great difficulty of discharging a succession 
of charges in such a manner as to produce a continuous 
current appeared insurmountable. Meanwhile proceeding to 
construct a machine for the purpose of producing the two kinds 
of electricity upon the opposing surfaces of an electric in the 
state of proximate polarization, (14.15) imagining that by this 
means the quantity might not only beaugmented, but a fluid more 
nearly resembling the galvanic produced. I mounted a circular 
plate of common window glass upon an axis similar to a plate 
machine. One side of the plate was covered with a layer of seal- 
ing wax, and a rubber of hair skin applied to it in communica- 
tion with the ground. On the opposing surface a rubber of 
leather with amalgam, was made use of, &c. In all ways 
in which the same could be tested, I obtained vitreous or posi- 
tive electricity upon each surface, which fluid also could only 
be collected on one side. The reason was obvious. The 
positively excited surface by polarization caused the develope- 
ment of the natural fluid belonging to the opposite surface, (in 
defiance of hair skin, sealing wax, or any other resinous excit- 
ing electric)—as in the phenomena of the Leyden jar or plate 
machine, (19). 

33. The failure of this experiment, nevertheless, put me in 
possession of a method of obtaining a continous current from 
the increasing battery. I remembered that the Leyden jar, with 
moveable linings, can be charged positively and negatively on 
its surfaces, the coatings can be then removed, and a slow and 
gradual discharge of the whole of its fluid produced by connect- 
ing the inner and outer surface of first one portion and then 
another by the common discharging rod. It struck me that a 
modification of this experiment might readily fulfil the object 
desired. Removing from the glass plate, already described, 
the rubbers, and in place of them applying two metallic movea- 
ble coatings, cd, fig. 1, in imitation of the Leyden jar, I 
charged the surface by one coating positively, and removed the 
natural positive fluid from its opposing surface by connecting 
the other coating with the insulating negative conductors of my 
machine. The fluid from the charged surfaces was collected by 
_two other insulated metallic coatings, to which were attached 
two metallic poles. On receiving the fluid through each hand, I 
was delighted to find an entirely novel physiological effect. 
The sensations produced by the electro-magnetic machine were 
exactly imitated. I proceeded to effect electro chemical decom- 

osition, and obtained my first decomposition of water by this 
machine, (21) but the W of fluid in the ordinary electrical 
current being so exceedingly low, now induced me to take ad- 
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vantage in its eonstruetion of the principles of the inereasing bat- 
tery already described, (18 g, 22.) I procured six plates like the 
one in question (except the coating of sealing waX), see plate fig. 
J, a a a a mounted them on an insulating axis, b. b. b. and applied 
twelve moveable coatings, e. d. c. d. &c. as in the last described 
apparatus. The first coating was placed in connection by the 
wire p. with the positive conductor of the machine-—its outer 
surface and coating d being in communication by the wire h 
with the inner surface of the next plate at c, the disturbed 
natural fluid was given to the latter and so on throughout the 
series. The last surface was also deprived of its fluid by con- 
necting the wire n with the negative conductors of the ma- 
chine. By this method, however, it was found that the 
expected accumulation of fluid ceuld not be obtained, the great 
distance of polarization required, on account of the thickness of 
the glass, being too much for the powers of my electrical ma- 
chine, and I have since found that the greatest quantity is pro- 
duced by dividing the fluid from the prime conductor, and 
charging in two situations instead of one. I now charge the 
inner surface of the first—and that of the fourth with positive 
fluid—and remove the fluid from the outer surface of the third 
and sixth by communication with the negative eonductors. The 
surfaces thus charged are, by rotation, brought round to the in- 
sulated coatings of the poles—all the positively charged surfaces 
by the medium of ff ff being in communication—and all the 
negative also connected one to the other by the communicating 
wires gggg- Io each of these the wire poles p p and np are 
attached, and the inereased current of fluid so obtained is trans- 
mitted thtough them to any object which it is intended to sub- 
ject to the action of the current. From its chemical effects, I 
have reason to believe that the fluid from the machine is by this 
means increased—(supposing that polarization has no direct 
influence in decompusition)—(26) to threefold its original 
amount. 


34. I have endeavoured, for some time, to procure six plates 
of mica, of a sufficient magnitude, to enter into the construction 
of a polarizing machine, which, from its extreme thinness, would, 
I doubt not, augment prodigiously the amount of fluid in the 
current through the poles—probably 12 or even 24 plates might 
as easily and as perfectly be polarized as one-eighth their number 
of common window glass—and the fluid so eliminated would also 
resemble much more nearly (as before remarked) the fluid from a 
galvamic battery, both in tension, quantity, and all other pro- 
perties, as described in the chart, (5). 

35. The method of receiving the electric fluid by moveable 
coatings, as at first adopted, when submitted to the test of 
chemical decomposition, was found to be as objectionable as the 
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use of the Leyden jar, (22) and sparks, as exhibited in my 
former paper. The gas generated was found to be a mixture 
of hydrogen arfd oxygen at each pole, but more nearly aproach- 
ing the galvanic decompositions—being at the negative pole 
only one-sixth oxygen and five-sizths hydrogen. This was readily 
accounted for. Once or twice in every turn of the machine, a 
distinct shock could be perceived by its usual diagnostic—the stur 
on the platina point—which shock caused the elimination, as 
before stated, of both hydrogen and oxygen at each pole. 


36. I next collected my current at the origin of the positive 
pole by needle points, and the true electro chemical decomposi- 
tion of water appeared now to be obtained, and which has since 
been established. The appearances, when true decomposition 
is taking place are asin galvanism. A constant stream of minute 
equimagniludinous, bubbles, issuing from the positive pole tn one 
continuous thread-like current, the bubbles from the negative 
in double size or quantity, and there being in the positive cur- 
rent at no period an increased bubble, unless the gas adheres 
to the termination of the pole. Still, occasionally an accumula- 
tion presented itself in the current, and I determined at once 
to collect the fluid by means of the points (f f f f, &c.,) in 
connexion with each individual surface, and thus prevent the 
occurrence of shock in the current altogether, since no pro- 
duction of pure hydrogen at the negative, or of oxygen at the 
positive pole could ever be obtained, whilst shocks continued 
to make their appearance. ‘This being effected, I have now 
the satisfaction to state that, from the result of decomposition 
with this machine, the gas is obtained in a manner perfectly 
identical with galvanic decomposition. 


87. In conjunction with Mr. Sturgeon and Mr. Eaton Hodg- 
kiuson, on the 13th of Octcber instant, I succeeded in obtain- 
ing by this means, in less than two hours’ turning, a small bubble 
of about one-eighth of an inch in length in a tubular receiver. 
The gas arose from the negative pole from whence hydrogen 
arises in the voltaic arrangements, and in passing ten or twenty 
sparks through it no diminution in the magnitude of the bubble was 
at alt effected, see (22). On adding a portion of atmospheric air 
to the same, (no oxygen being collected) and passing a spark, 
an immediale diminution in the volume of the gases was observed, 
shewing evidently that the former gas was pure hydrogen. At 
the Victoria Gallery, Nov. 18th, 1840, I passed sparks through 
two or three portions of gas (hydrogen) already obtained, and 
no diminution in the quantity could be perceived. On adding 
a portion of oxygen from the other receiver, and passing a spark, 
the gas instantly collapsed. It is worthy of remark that one 
portion of gas exhibited at the Victoria Gallery, one-cighth of an 
inch in length in the tube receiver, was produced in one hour's 
turning by the aid of the elect ical machine alone. I have reason 
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however, to doubt the purity of the gas in this case. There 
must have been a break in the current, but none could be detect- 
ed, although a suspicious sound of exceedingly minute sparks 
was perceived and mercury connexions were not used through- 
out the circuit. When a decidedly unbroken current is em- 
ployed gererally double this length of time is required to pro- 
duce this quantity of gas. The reason of so rapid a formation 
of gas was, that a high pressure steam engine, was employed 
in turning the machine, which revolved in consequence steadily, 
with about three times the rapidity that could have been effected 
by manual labour. This is indeed the most simple and least ex- 
pensive method by which these long, and otherwise tiresome and 
laborious experiments can be performed—and which I now adopt 
in all researches of this nature-—See Dr. Faraday’s 3rd series, 
(356). 

38. I now beg your attention to the statements made by 
electricians, some of whom have, it is said, produced decomposi- 
tion of water with ordinary electricity, identical with galvanic, 
in which separate gases are reported to have been given off from 
the poles ; and I think you will agree with me, from facts which 
I shall shortly exhibit, and others already before you, that if we 
are to believe their statements, we must at the same time deny 
that identical decomposition could have been effected by the 
methods adopted. See also (11). Dr. Wollaston’s experiments 
were performed chiefly by sparks from the machine, and in one 
instance, by current alone, with the fine thread of gold already 
described. But in the philosopher’s own words we have a can- 
did acknowledgment that the decomposition was not identical ; 
for, says he, in every way in which I have tried it, I observed 
that each wire gave both oxygen and hydrogen gas, instead of 
their being formed separately, as by the electric pile. Sir 
Humphrey Davy immersed a guarded 1 point, connected 
with the machine, in distilled water, and dissipated the electri- 
city from the water into the air by moistened filaments of 
cotton. (Dr. Faraday, note to 471, series 5.) Had two poles 
been used in this experiment there would have been some 
plausibility in the stated result, that oxygen and hydrogen were 
separately obtained. I find, indeed, that what appears to be 
true decomposition does occur where two guarded poles are em- 
ployed, and the negative terminating in a point and dissipating 
the electricity into the atmosphere, but I also find that the | 
. quantity of gas is by this means much less than when in 
connexion with both the positive and negative conductors ; 
and judging from the exceedingly small amount given off 
in this way, I should be inclined to disbelieve that the gas was 
obtained in quantity sufficient to be tested in the usual manner. 
But to suppose that gas would be eliminated from cotton fila- 
ments, which, as we gather from the statement, formed the 
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negative pole, would be very improbable. I should, indeed, 
from an experiment immediately to be related, (40,43) doubt 
the reality of any appearance of hydrogen altogether. In 
the experiment of Mr. Barry, communicated in 1832 to 
the Royal Society, it appears that he used two tubes, each 
having a wire within it passing through the closed end. 
as is usual for voltaic decompositions. Further on in his 
description we find him stating that the decomposition was 
perfurmed by lightning, obtained by an electrical kite, and that 
the intensity of the electricity was exhibited by the “ usual shocks 
on touching the string.” Now, to attempt to procure decompo- 
sition of water and development of the gases by a wire of mo- 
derate dimensions, uncoated, and exposed to the surrounding 
liquid for its whole length, merely with electricity, the shocks - 
of which any human being could endure, would be, accord- 
ing to all known results, utterly useless. Nor is, 1 be- 
lieve, the statement of Barry at all relied upon, see Dr. 
Faraday, (339, 340, 341, 342). Lastly, Dr. Faraday, 1833, 
in imitation of the experiments of Wollaston, says, (330) “ when 
what I consider the true effect only was obtained, the quantity 
of gas given off was so small that I could not ascertain whether 
it was as it ought to be, oxygen at one wire and hydrogen at 
the other.” ‘ ‘The quantities were so small that on working the 
machine for half an hour, I could not obtain at either pole a 
bubble of gas larger than a small grainof sand. 1f the conclusion 
which I have drawn, (377) (that the chemical power is in direct 
proportion to the absolute quantity of electricity which passes), 
this ought to be the case.” We have, therefore, as it appears 
upon record, no authenticated case of true electro-chemical de- 
composition of water by frictional electricity. Dr. Faraday, 
after recording these statements, even doubts (356, 359) the 
possibility of any common electrical machine having as yet sup- 
plied electricity enough in a reasonable time to cause true de- 
composition, although the plate of the electrical machine with 
which he performed his experiments was fifty inches in diame- 
ter, and from which, according to his own statement, sparks of 
ten to fourteen inches in length could easily be drawn from the 
conductors, (see 19, 14). 


39. It had frequently occurred to me, that if the union of the 
galvanic and ordinary electricities could be effected, so as to act 
in concert in the decomposition of water, a perfect proof of 
identity might by this means be exhibited. For this purpose I 
effected decomposition with a voltaic battery of ten or twelve 
jars, (couroùnes de tasses) by the medium of the guarded platina 
poles. The formation of gas was exceedingly feeble. The 
quantity generated by no means exceeded that of decomposition 
by three polarizing plates with ordinary electricity. I then 

arranged two wine glasses of distilled water, in which four 
guarded poles were inserted (two in each) so that there should 
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be a galvanic and an ordinary electrical pole in each glass, viz,, 
a negative pole fromthe machine and a positive from the voltaic 
hattery in one glass, a negative from the voltaic battery and a 
positive pole from the machine in the second glass. Knowing 
that the voltaic battery could effect no decomposition without an 
opposing pole, and that the same might be stated of the frictional 
poles, I believed that if this experiment should succeed, the 
final identity was perfectly established. The experiment suc- 
ceeded, and gas was generated by each of the four poles. This 
occurred on the 15th September. But shortly afterwards I 
found that a similar effect might take place with the frictional 
fluid alone, from its exceedingly great tension, the plates and 
fluid of the battery serving to connect the poles of one wire glass 
with those of the other, and thus decomposition might take place, 
(as it were,) in one continuous current from the positive to the 
negative pules of the polarizing machine. I afterwards found 
that by six poles thus arranged in the circuit, decomposition went 
on as well as it had done by two only. Such, indeed, is the 
tension (17.b) of ordinary electricity, that it is difficult to say at 
what number of poles thus arranged it would effect decomposi- 
tion. The effect, indeed, seemed to be heightened by increas- 
ing the number of poles. 


40. Now by this time I was perfectly satisfied that a true de- 
composition of water was effected not only by the polarizing 
apparatus, but by the current alone from the electrical machine. 
Yet as some remarks are made by electricians objecting to the 
use of the guarded poles, I determined upon attempting decom- 
position by unguarded ones. Dr. Faraday, for instance, states 
in a note to (p. 133) that the experiments of Sir H. Davy with 
Wollaston's poles, do not remove any of the objections he has 
made to the use of Wollaston's apparatus as a test of true chemi- 
cal action. The objections are as above stated (328) That the 
water is decomposed at both poles, independently of each other.“ 
“That the poles have no mutual decomposing dependence, may 
be shown by substituting a wire, or the finger, for one of them, 
a change which does not at all interfere with the other, although 
it stops ail action at the changed pole ;” and (337, that the ef- 
fects with Wollaston’s apparatus are probably resulting “ from 
high temperature acting on minute portions of matter,” or “ con- 
nected with resulls in air,” “nitrogen being able to combine 
directly with oxygen under the influence of the electric spark.” 

n shocks or sparks are used in the decomposition, water 
probably may be decomposed by one pole independently of the 
other, or with no mutual decomposing dependence, there being 
an elimination of combined gases, as before exhibited, (see now 
46). But where a perfect decomposition is effected where oxygen 
alore is produced by one pole, to imagine that the hydrogen 

Comes annihilated, and decomposition still proceeding, would 
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be highly unphilosophical. In imitating the related experiments 
of Sir H. Davy, I found, moreover, that a thick wire substituted 
in the place of one pole does not prevent decomposition at the 
remaining pole, and that gas is eliminated in just the same thread- 
like stream as before. I found also that by connecting the thick 
wire with the ground, in imitation of Barry’s experiment, a 
similar current of gas was still obtained; and yet none made its 
appearance upon the wire substituted for the guarded pole— 
oxygen being generated and hydrogen not making its appearance. 


41. Having fortunately in reserve tno hammered platina 
poles (31) rendered exceedingly fine, which were constructed 
for decomposition, and without any glass or other coating upon 
them. I passed the point of one anxiously yet slowly beneath 
the surface of the watet, and when about the eighth of an 
inch immersed, I had the satisfaction to behold the same speedily 
covered with minute bubbles—the decomposition proceeding as 
usual at the guarded pole during the whole period. I speedily 
removed the guarded pole from its electrical connections—and 
substituted a second unguarded pole of a similar magnitude, 
and on turning the machine for a very short period, both poles | 
were entirely covered with gas, the negative in about two-fold 
5 thus a decomposition of water was effected per- 

ectly identical with galvanism,and that from the prime conductor 
of the machine alone, and subject to no objections of electricians 
on the ground of the metal being coated with non-conducting ma- 
terial, (see now 49). 


42. With these poles I have also decompoged sulphate of cop- 
per by current from the machine alone—metallic copper ap- 
peared at the negative pole which may also be observed now 
upon the same—and gas (which I suppose to have been oxygen) 
was given off continually from the positive—and none from the 
negative pole. 

43. It is not, therefore, difficult to suppose that in the sub- 
stitution of a thick wire; the finger, or filaments of cotton, for the 
guarded pole, particles or atomic portions of hydrogen might be 
continually being deposited upon the surface oj the latter, and yet 
not visible to the naked eye. For taking into consideration the 
length of time required for the deposition of bubbles upon the 
minute unguarded platina pole—whose thickness is but the 960th 
part of an inch, length immersed one-eigth, and total breadth 
one 96¢h of an inch, it seemed probable that the length of time 
required to render bubbles visible to the naked eye, or seen 
througn a microscope upon the whole surface of an unprepared 
wire, (see now 47, 48, &c.) the finger, &c., might occupy a 
considerable period. The same reasoning would also, I believe, 
apply equally to any other conducting body which might be in- 
troduced for the purpose of forming a negative pole, or convey- 
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ing away the electric fluid (if the formation of gas at the opposing 
pole still remain unaltered), and it is worthy of remark that with- 
out some conducting material no decomposition takes place at all, 
shewing that there is at least some mutual decomposing dependence. 
(4€). 

44. By diminishing the powers of the voltaic battery we find 
perfectly identical results, (a). Thus, if a syphon be inter- 
posed between the vessels in which a small galvanic pair of zinc 
and copper wire is introduced, or a long column of acidulated 
water between the copper and the zinc by employing a thick 
copper wire, fen or twenty minutes is required before any 
bubbles make their appearance, especially if it be immersed the 
depth of an inch or two, (b). Under such circumstances it 
would not be improbable after waiting ten minutes or a quarter 
ofan hour and no bubbles making their appearance, that an 
electrician might give up the experiment, imagining that de- 
composition was not taking place at all, (c). But with a mo- 
derately fine platina wire, or the unguarded platina pole, (41) 
gas 5 and makes it appearance immediately. (d) Now 
any individual seeing this voltaic decomposition or that of the F. E“ 
(41), with the same unguarded pole, I am sure would be utterly 
unable to point out any difference. (e) From these and other facts 
I have been led to conclude that in many electrical experiments, 
where a current appears to circulate through a given amount of 
water, no current really passes, but decomposition takes place 
upon the whoie or part of the surface of the conducting bodies, 
the natural electric fluid of the water, affording to them a sufficient 

ly to cause the re-appearance of the current at the same— 
and which decomposition may not be cognizable on account of 
the time required to render it apparent to the senses; at all 
events the line of demarcation is not yet laid down, upon what 
quantity of metallie surface electro-chemical decomposition is 
effected by ordinary electricity and where it ts not. 


45. If we now refer to the chart (5.) we shall find a remark- 
able coincidence between the properties of ordinary electricity 
during decomposition, and the characters of the galvanic fluid, 
taking into consideration the effects of the electrical machine 
alone—since, as has been already demonstrated, perfectly iden- 
tical decomposition can by it, under given restrictions, be 
effected. Ist. We have now “a continuous current,” both by 
the polarizing machine and by the ordinary method. 2nd. That 
the currents have a mutual attraction for each other, and the 
poles, consequently a mutual decomposing dependency, (in addi- 
tion to what has already been stated,) is admirably exhibited in 
the following manner :—Let the positive conductor of the 
machine be in conducting communication with the building, 
floor, table, or even with the gas pipes of the town, the “ dis- 
charging train” of Dr. Faraday, and by which, as is supposed, 
all electrical effects are annihilated ; let the negative conductors 

* F. E. means frictional electricity, and G. E. galvanic olectricity. 
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also be in conducting communication with any other part of the 
building not in connection with the laller, and yet decomposi- 
tion shall still proceed at the decomposing apparatus. The posi- 
tive conductor may even be directly connected with the negative, 
providing the lacquer of the same intervene and decomposition 
will be unaffected. By this latter experiment we produce 
perfect agreement in character with the galvanic fluid, the ten- 
sion or passing distance mithin the circuit you observe is atomic 
or thereabout—although this machine will give four-inch sparks 
or more when no decomposition is taking place—(see 5. 3.)— 
I should say indeed, that the fluid under these circumstances is 
Galvanic, not ordinary electricity. 4. Inconductible by water 
when decomposing (44. e) 5. No one would doubt at all the 
diminished powers in attraction and repulsion when not a p 
can be obtained. Light bodies (pith balls, &c.) may be held 
indeed in the vicinity of the conducting wires or attached to 
them without any exhibition of attraction or repulsion. 6. 
Physiological effects only by making and breaking contact, 
powerful or not, according to the tensive force. 7. I have just 
shewn you that F. E. does not require insulation more than 
G. E. 8. Ihave reduced the quantity of the voltaic current 
to little more than that of an electrical machine. 9. And lastly 
as long as the fluid is incapable of passing at all to any Lody out 
of the circuit, we cannot expect any accumulation, more than by 
galvanic arrangements. As to the number 10 we have already 
shewn to what modification it belongs. 


46. Not being perfectly satisfied whether the poles would 
effect decomposition by shocks (40) separately, or without any 
mutual action: I placed two guarded poles in separate wine 
glasses, filled with distilled water, one being in connection with 
the inner coating, and the other with the outside of an insulated 
Leyden jar. It did not appear impossible that the two oppositely 
electrical condilions (27) of each pole, might be the means of 
eliminating oxygen and hydrogen in each vessel independent! 
of the other. Upon attempting to pass shocks, no effect at 
could be produced, and not the slightest trace of gas observed. 
Upon inserting the ends of a copper wire in the glasses to form 
a communication, decomposition instantly proceeded, visibly at 
the guarded poles, which could not occur according to any ac- 
knowledged principle, unless the copper wire acted the part of 
a pole in each glass.—This experiment by being prolonged led 
me to the following :— 


47. A piece of copper (bell) wire being inserted in distilled 
water in which a guarded pole was placed, by passing a number 
of slight electric shocks through the same (as above) in fifteen 
or twenty minutes turning, the copper wire itself became covered 
wilh bubbles of gas, decomposition proceeding at the guarded 
poles as usual, (40.43). Thesamealso occurred by the agency 
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of the current alone. The results of this experiment apparently 
so contradictory of that in which the guarded pole of too great 
magnitude (26) was employed; where decomposition could 
not be effected by platina wire reduced to a moderately fine 
point (and which I have frequently attempted with i re- 
sults) induced me to believe that the decomposing effect was 
due to the agency of the guarded pole, and (with 45) led me 
to the following conclusion which I believe will still remain 
correct. 


48. By the use of the guarded poles, or indeed any which per. 
se. are capable of effecting aqueous decomposition, the ordinary 
electricity appears to be placed (with the exception of slightly 
encreased tension) (17.5) in the entire condition of the galvanic 
fluid. Remote polarization (13.14) is by this means exchanged 
for atemic (5). Its expansive state reduced to the concentrated 
(17.c) tension exchanged for intensity, or quantity in a given 
amount of matter. 


49. Entertaining this view of the subject I arranged three 
wine glasses A. B. C. fig. 2, filled with distilled water, so as to 
form a line between the wire soldered to the positive conductor, 
and that proceeding in the same manner from the negative, 
Into A I inserted a guarded pole g in connection by a mercury 
cup with the positive wire. In C I also placed a second guar- 
ded pole g. The view I had taken (48) led me to conclude that 
if the positive, and negative currents were introduced by poles 
capable of effecting decomposition, the fluid being thus placed 
in the condition of galvanic, whatever might be the nature of 
the interveaing poles, if capable of decomposing by galvanism, 
they would also perform the same by this means, provided that 
a sufficient quantity of electric fluid was supplied by the introduc- 
ing poles. Two common platina wires e. f. (the latter of consider- 
able thickness) were bent at right angles at their extremities, and 
placed in a line between the guarded poles—their terminations 
being inserted about one-eighth of an inch below the surface of 
the water in the glasses, and a slight distance from each other 
and the guarded poles—one end of e being in A, the opposite 
in B,—one termination of f in B, the opposite in C. On turn- 
ing the machine for about fire minules, very minute bubbles 
began to make their appearance on the inserled termination of 
each wire. In from ten to twenty minues, very considerable 
bubbles were formed, as visible and distinct as in any galvanic 
decomposition, which also commenced ascending from the sur- 
face of the wires. Thus we have a perfect decomposition of 
water by the current alone, effected in the central glass B, by 
two unprepared and moderately thick platina wires, as truly as 
by galvanic agency. 

I next arranged a piece of copper bell wire between B and C 
instead of the wire f. Decomposition became visible by the 
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deposition of bubbles on this also, but from its magnitude 
requiring a longer period of turning. (Dec. 19, 1840.) 


60. I now proceed to introduce the currents into the 
glasses A and C, without any guarded pole whatever. In 
A, a thin copper wire was inserted about one-eighth of an 
inch, in connexion with the positive conductor. From A to 
B one of the former platina wires e, and between B and C, the 
other f inserted as formerly. The pole from the negative mercury 
cup being a thick bell wire, inserted about the same depth. In 
two minutes and a half, gas was evident upon every termination, 
especially upon the C end of f. This experiment is exceedingly 
remarkable when contrasted with the attempt at decomposition 
by guarded poles (26.) 


51. Having observed so unexpected and rapid decomposition 
in the last, I determined to attempt the experiment by two 
thick unguarded wires, inserted in a single wine glass. I placed 
about one-eighth of an inch of each of the copper (bell wire) 
poles proceeding from the positive and negative conductors of 
the electrical machine in distilled water. In three minutes (the 
revolutions of the cylinder being about 60 per minute) one or 
two bubbles manifested themselves upon the termination of each 
wire, and by the microscope, smaller onescould be seen all over the 
inserted surface of each. In five minutes distinct bubbles were 
seen by the naked eye, upon oll parts of the wires below the 
waler, assuming a frosted appearance, and about double the quan- 
tity upon the negative pole. In half an hour the covering, 
especially of the negative pole, might be geen at the distance of 
two yards, and as fair an electro-chemical effect, as is ever 
observed by voltaic electricity. | 


January 5th, 1841. 


Researches on the nature of the Odour which becomes manifested 
during certain Chemical actions. By M. ScHoeNnsern, in a 
letter to M. Arago.“ 


The very interesting notions which you have made known 
in the Annuaire for 1838, encourage me to communicate to you 
the results of some researches which I have lately made on the 
nature of the odour named electric. 


Some years ago, I was struck with the perfect analogy 
which exists between the odour which is developed when 
ordinary electricity passes from the points of a conductor to the 


Comptes Rendus, May 4th, 1840. 
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surrounding air, and that which is disengaged whilst water is 
decomposing by a voltaic current. 

After having made many ineffectual experiments for the 
purpose of discovering the connexion which exists between the 
two above mentioned phenomena, I finally arrived, not at a 
complete solution of the problem, but at a point, from which 
one may get a glimpse at the true cause of the electric odour. 
The facts which relate to this subject are the following: 


Ist. The phosphoric odour developed during the electro- 
lization of water is disengaged at the positive electrode only, 


2nd. The disengagement of the odourous principle depends: 
—(1st) on the chemical nature of the substance employed by 
the positive electrode: (2nd) on the chemical constitution of 
the electrolytic fluid placed between the electrodes: (3rd) on 
the temperature of that fluid. As to the first condition I have 
found that, of all the metals, gold and platinum are the only 
ones that permit of the disengagement of the peculiar odour. 
The more easily oxidable metallic substances do not develope 
the least trace of it, neither does carbon, which is also a good 
conductor of electricity. With regard to the connexion that 
exists between the chemical constitution of the electrolytic 
fluids and their facility of disengaging the odourous principle, 
my experiments have demonstrated the following:--The electric 
odour is developed at the positive electrode, when the fluid 
consists of distilled water mixed with sulphuric acid, phosphoric 
acid, nitric acid, or potassa, or with a variety of oxy-salts. 
The odour is not observed when the water contains chlorides, 
bromides, iodides, fluorides, proto-sulphate of iron, or any 
of those substances which eagerly combine with oxygen. The 
disengagement of the odourous principle does not occur if any 
of the first mentioned fluids are mixed with small quantities of 
proto-sulphate of iron, or with nitrous acid, or with any sub- 
stance whose affinity for oxygen is very great. The fluids 
which develope the electric odour abundantly at a low temper- 
ature, do not disengage it when heated to ebulition. It 
sometimes happens that the odour is not in the least manifested, 
although the circumstances connected with the operation would 
lead us to expect a contrary result. Such cases are most 
frequent when the fluid employed is an aqueous solution of 
potassa. There are some reasons to believe that the disengage- 
ment of the odourous principle is impeded by the impurities 
deposited on the positive electrode. According to my experi- 
ments, the odourous principle is obtained most abundantly 
when the electrolitic fluid consists of water mixed with a sixth 
part of sulphuric acid. 


8rd. The odoriferous substance disengaged at the positive 
electrode may be confined and preserved in well corked bottles. 
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4th. When into the flash containing the odoriferous principle 
(mixed with oxygen) we drop a pinch of pulverized charcoal, 
or fine filings of iron, zinc, tin, lead, bismuth, arsenic, anti- 
mony, or a few drops of mercury, or of nitric acid, or of a 
solution of proto-sulphate of iron, or the proto-chloride of tin, 
or of iron, the electric odour is almost instantly destroyed. At 
high temperatures, gold and platinum produce the same effect. 


5th. When we immerse, for some moments, in the flask 
containing the odorific principle, (mixed with oxygen), a plate 
of gold or of platinum whose surface is very dry, clean and 
cold, that plate becomes electro-negative ; that is to say, it 
acquires the faculty of producing an electric current to which 
it serves as a negative electrode. In other terms, a plate of 
platinum treated in the manner described, constitutes, with a 
similar piece of the same metal in its ordinary state, a voltaic 
element. This element is such, that the current which it pro- 
duces, proceeds from the ordinary platinum to traverse the 
liquid to the plate modified by the odorific principle. I call 
this extraordinary condition of the platinum plate, negative 
polarity. The metals which are easily oxidable, do not 
polarize negatively by the treatment I have just mentioned. I 
have demonstrated, about five years ago, that the precious 
metals acquire negative polarity by being immersed for a few 
moments in an atmosphere of chlorine, or of bromine. 


6th. The state of negative polarity is not developed either in 
gold or in platinum, or in any metal whatever when these 
bodies are placed in a flask in which the electric odour has 
been destroyed by the means above mentioned. 


7th. The negative polarity of platinum is destroyed when 
suspended for a few moments in an atmosphere of hydrogen. 
Platinum negatively polarized by the influence of chlorine, or 
of bromine, resumes its ordinary state when suspended in hy- 
drogen. We also obtain the same result by heating to redness 
the polarized metal. 


On the Phenomena of Polarization, and on the Odour produced 
by Ordinary Electricity. 


8th. When a plate of platinum or of gold, whose surface is 
very dry, clean, and cold, and communicates with the earth, is 
exposed to the action of ordinary electricity proceeding from a 

inted wire attached to the prime conductor of the machine, 
and when this exposure is accomplished in such a manner that 
the surface of the plate is situated at a proper distance to receive 
the electric brush, the platinum or the gold acquires negative 
polarity. This peculiar state is immediately destroyed by sub- 
mitting these metals to the action of hydrogen or of heat. 
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Oth. The gold or the platinum being attached to the prime 
conductor as points of emission, do not acquire the negative 
polarity, although the electricity is very powerfully discharged 
from them. | 

10th. Those metals which are easily oxidized, do not become 
polarized by ordinary electricity. 

11th. The electric brushes (auras) lose their polarizing force, 
also their phosphoric odour, when the points from which they 
proceed are enclosed in a piece of linen cloth steeped in distilled 
water, or in saline or acid solution. We also obtain the same 
effect by heating considerably the points of emission of the 
prime conductor. 


There are other facts in connection with the phenomena of 
voltaic polarization, which I shall not here mention, because a 
memoir to which all my observations on this subject is consigned, 
will very shortly appear in the Bibliotheque Universelle. 


Before concluding my letter permit me to draw some conclu- 
sions from the facts that I have hitherto stated. 


1. The phosphorous odour disengaged during the electroly- 
zation of water is due to the same gaseous substance which is 
developed at the metallic points by ordinary electricity, whether 
that electricity be positive or negative. 


2. With respect to its voltaic action, the odoriferous principle 
is absolutely similar to chlorine and bromine. With regard to 
its chemical properties, there exists a strong analogy between 
the odourous substance and the bodies which I have just now 
mentioned. 


8. The odorous principle is chemically combined with hydro- 
gen, and in that state of combination it is found diffused, either 
in water or in the atmosphere. : 


4. This compound, like water, is an electrolytic body. 


5. The electric odour is manifested when this compound is 
electrolyzed, and its electro negative element set at liberty. 


6. As the electric brushes,and also lightning, constitute a real 
electric current; and that the compound, of which I have 
spoken all this time, is distributed throughout the atmospheric 
air, it becomes obvious that the odourous principle must be set 
at liberty every time that lightning traverses the atmosphere ; 
that is to say, the peculiar odour must be developed. I have 
observed that the odour of this principle is pungent when the 
latter is very concentrated, and that it has much the resem- 
blance of the odour of phosphorous when that substance is 
mixed with much 5 air. This circumstance explains 
perfectly, tlie difference of opinion respecting the nature of the 
odour produced by lightning. 
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Being almost certain that the odourous principle should be 
classed in that genera of bodies to which chlorine and bro- 
mine apparently belong ; that is to say, amongst the elementary 
and hologeneous substances, I propose to give the name of ozone. 
As I am convinced that this body is always disengaged in the 
air in sufficiently notable quantities during stormy weather, 
I propose to make a series of experiments, during this year, 
for the purpose of rendering evident the presence of ozone 
in the atmosphere. With that view I shall place plates of 
platinum in situations sufficiently elevated, taking care that they 
communicate with the earth. This metal acquiring negative 
polarity from the odourous principle, we may conclude that the 
ozone is developed as soon as the platinum becomes negatively 
polar. This kind of meterological experiments I consider suf- 
ficiently interesting to be undertaken every where ; and I dare 
venture to engage you to make similar experiments at the ob- 
servatory for the purpose of verifying the negative po anty 
which platinum acquires by the influence of czone. use a 
galvanometer in which the wire forms two thousand turns, and 
in which is placed an astitic magnetic needle. 


I cannot conclude my observations without informing you 
that, I am, in a great measure, indebted to the truly admirable 
pile of M. Grove, for the results which I have related: that is 
to say, to a pile of which the dimensions are very small, but 
which, nevertheless, gave off fifteen cubic inches of detonating 
gas, (oxygen and hydrogen from the decomposition of acidu- 
lated water) per minute. 


On the Formation of Electro-Type Plates, independently of any 
Engraving, by M. P. MoyLeg, Esq., in a letter to Mr. 
Sturgeon. 

Helston, January 9th, 1841. 

Sin, 


In forwarding to you the electrotype plates, representing a 
view of St. Michael's Mount in Cornwall, &c., it may be desir- 
able to accompany it with a brief description of the apparatus 
and manifestations requisite for a correct performance of the 
process. 

On a highly polished brass plate of the required size, I, in the 
present instance, sketched the view with a common steel pen 
and simple black oil paint, and allowed it to become perfectly 
dry and hard; it was then polished with a little prepared chalk 
and the hand, and which appeared to be necessary to remove 
any stains on the brass, arising from the fingers, breath, &c. &c. 
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When thus prepared, it was placed on a copper plate about one 
inch larger than the brass one, and it was cemented to the cop- 
per all around at its edge by bees-wax. The copper plate had 
two handles turned up at rightangles, as at a, 

in margin, about one inch in width, to com- R 

municate with the tambourines. (to be des- l 
cribed) The copper plate together with 

the painted brass one, is then deposited in — 

a glased earthen vessel, (a foot tub in my 

case) and a perfectly clear and saturated 

solution of sulphate of copper formed on it 8 

to the depth of three or four inches; a trian- 

gular wooden frame with glass legs cemen- : 

ted to the wood, as in fig. b, is then placed over the copper plate. 
Two tambourines, made simply by stretching some parchment 
or bladder over hoops and then placed on this triangular frame. 
Into these are placed a piece of amalgamated zinc, separated 
from the parchment by a few pieces of glass tubing, and on the 
zinc and in contact with it, is placed another piece of copper 
with a handle also at right angles, and which is to be brought in 
direct contact with that of the first named copper plate, and 
bound together with a thumb screw :—into each of these tam- 
bourines is placed water acidulated with sulphuric acid, in the 
proportion of one of acid per cent. Galvanic actions instantly 
commence, and copper from its solution became quickly de- 
posited on the brass plate, and all other metallic surfaces not 
protected by bees-wax or some other coating. A muslin bag 
containing crystals of the sulphate of copper, must be kept sus- 
pended in the solution to supply the waste accruing from deposi- 
tion, and if this is not carefully attended to, the copper becomes 
deposited in a coarse brown and non crystalline state, and con- 
sequently greatly detrimental to the process. 


The more perfect the connexion of the back ofthe brass plate 
tu the copper plate on which it is fixed, the more regular will 
be the growth of the electrotype plate ; and this necessary re- 
gularity of deposition is much facilitated by having the two. 
handles above named, to the copper plate, and having two tam- 
bourines for the generation of the galvanic influence, and thus 
forming two electric currents instead of one, most commonly in 
use; and even in the latter case, the two handles are of the 
greatest use for causing regularity of deposit, by alternately 

ing the connexion with the tambourines as it may be 
found requisite. 


The greater the degree of polish of the plate to be deposited 
on, and freer it is from oil, wax, &c., the greater I have found 
the facility of the separation of the two. The diluted acid in 
the tambourines require to be renewed daily, and I found from 
six to eight days quite sufficient for the deposition of the copper 
plate, one-eighth of an inch in thickness. 
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The above method I find far superior to the suspension of 
the plate perpendicularly in the solution and subject to the 
galvanic current from any other kind of battery, although it 
cannot be denied that it may by such means be much more 
quickly deposited. 

It may not be irrevalent to the subject to state in this place 
that I have formed many an useful and ornamental article, in 
beautifully crystallized copper, such as vases, tea kettles, cups, 
bottles, &c., also fine tubes, and a variety of other articles; 
the first by first moulding the article in wax, and then covering 
it with Dutch metal, to give it a metallic surface, and afterwards 
melting out the wax tubes, by depositing on iron wires, &c. 
Similar things I have accomplished in silver, from the solution 
of the nitrate giving the articles the most beautifully embossed 
appearance ; and it is very evident that gold, platina, tin, &c., 
&c., may be acted on in a similar manner, from their respective 
solutions. It is but proper that I should here acknowledge that 
several hints respecting these latter performances I received 
from Mr. Jordan, the late Secretary to the Cornwall Polytecnic 
Society. 

To reiri the beautifully embossed appearance of the ar- 
ticle, ıt should be well washed in a strong solution of the 
bitartrate of potash, which will remove the acid adhering to the 
surface of the plate, or article. 


The specimens now sent convince me, and I think it will 
also others, that the finest productions of the art of engraving 
may be in this manner accomplished. I am now preparing one 
on a much larger scale, and with a different preparation of paint, 
and with which I find that I can produce much finer lines on 
the plate than I have hitherto been able to execute. In the in- 
stance here alluded to, the brass plate is first rubbed over with a 
very small portion of almond oil, and after two or three days it 
takes the paint with great facility. 

Believe me, Sir, 
Yours, faithfully, 
M. P. MOYLE. 

Mr. Moyle has been kind enough to favour us with two of his Electro- 
type Plates, from which prints will be seen at the end of this number. 
We bolieve they are the first of the kind that have been made in this 
couutry.—Eprr. 

DSZ .— r — . ———— ————— ⁰ e —ꝝ‚— 


The Second Lecture on the Nutrition of Plants; Delivered by 
J. A. Ransome, Esq., Lecturer on Surgery, &c., at the Royal 
School of Medicine, &c., Pine-street, at the Conversazione 
held at the Royal Victoria Gallery of Practical Science, Man- 
chester, on the 24th December, 1840. 


Mr. Ransome commenced by stating, that at the last meetng, 
in introducing the subject of vegetable and animal nutrition, he 
had alluded in general terms to the nature of the materials em- 
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ploved as aliments, or as engaged in the first processes of 
nutrition. He had remarked, that man, although an omnivor- 
ous animal, was yet ultimately dependent upon the vegetable 
kingdom for his nutriment ; for the flesh meat he took as food 
derived its nutriment from the vegetable creation ; so that man 
is dependent, directly or indirectly, upon the vegetable king- 
dom, for the materials which constitute the aliment from which 
his own frame is to be formed. This, then, led to the considera- 
tion of the materials composing the vegetable kingdom ; and he 
had shown, experimentally, that a simple vegetable product— 
sugar—contained three elements in a state of combination, car- 
bon, oxygen, and hydrogen, which were the three principal 
elements entering into the composition of vegetables. But he 
had prepared them to look for other elements, in order to com- 
plete the series. They next considered from what sources these 
respective elements were derived; and after a short review of 
the notion that carbon, their principal constituent was derived 
from humus, or, as it was also called kumin, or humic acid, he 
had ventured, on the authority of Professor Liebig, the celebra- 
ted German chemist, to show that much doubt might be enter- 
tained on this subject, and that it was more reasonable to 
suppose, that, instead of carbon being derived from humus, it 
was derived from one of the constituents of the atmosphere, for 
carbonic acid was found to constitute one-thousandth part of the 
weight of the air. From experiments which bore some analogy 
to the process of vegetation, he had shown that a much greater 
weight was taken up by chemical substances, having an affinity 
for carbonic acid, than was required for plants growing in the 
same surface in the same time; without denying the use of 
humus, or the ingredient constituting vegetable mould, which 
exists in almost all good soils. In connexion with the subject, 
he had shown, that, if we examine the constitution of plants, we 
shall find almost every one of their elements, such as woody 
fibre (lignin), starch, sugar, tannic and tartaric acids, and the 
essential oils, contain less oxygen than carbonic acid, with which 
the air furnishes them; and consequently, that, in the act of 
taking them in, oxygen must be givenout. He had mentioned 
this, in reference to the main question—the maintenance of the 
purity of the atmosphere; for if we suppose, from the respira- 
tion of man and animals, and the combustion of immense 
quantities of carbonaceous matter (amounting, perhaps, to thou- 
sands of tons in this town alone), that the quantity of carbon in 
the atmosphere had gone on increasing, and that of oxygen de- 
creasing, and that thus, after a given time, the materials of which 
the atmosphere is composed would become unfit for the support 
of life—we should see that, by this beautiful arrangement, the 
decomposition of carbonic acid, and the giving out of oxygen, the 
purity of the air was constantly maintained ; and that the di- 
rection given to the winds by different temperatures also tended 
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to equalize the purity as well as the temperature of the air 
throughout the globe. He had shown, that we need not look 
very far for the sources of hydrogen and oxygen, inasmuch as 
oxygen might be taken in as a constituent of the air, or might 
exist as a constituent of water, in combination with hydrogen, 
and hydrogen is necessarily taken in from the water which is 
abundantly provided for plants, both in rain and in the dews 
which occur in the absence of rain. 


We will now (continued Mr. Ransome) proceed to a consi- 
deration of what other materials are found to be contained in 
plants, and, in fact, found to be essential to their growth. 
But we have still one other substance to rank with those 
already considered,—nitrogen or azote, the fourth principal 
element of plants. Some are disposed to think, that this does 
not enter materially into the composition of a plant, except in 
the case of some poisonous plants, or those which possess 
strong medicinal qualities ; but a few words only are necessary 
to show, that, unless plants did contain this element, animals 
could not derive much nutriment from them. It has long been 
known, that, if dogs are fed upon pure sugar, which is 
acknowledged to be nutritive when mixed with other things, 
they fall into a kind of consumption, lose flesh and strength, 
and ultimately die with symptoms of emaciation and decline. 
Sugar is one of those substances which contains no azote or 
nitrogen. On the other hand, we have whole tribes of men 
and animals who live upon nothing but vegetables: yet the 
bulk of their muscle or flesh contains a large proportion of 
azote. Whence can that be derived, unless the food they take 
contains a large portion of it, or we consider man as possessing 
the power to assimilate the gaseous elements around him? But 
the fact is, they do not take in azote from the atmosphere, and 
they would die unless they were provided with something as 
an aliment containing azote. We shall see, that, although 
sugar and starch exist in the leaves of plants, yet every particle 
is surrounded by a thin lamina, of a substance which contains 
azote; and it is owing to this that many changes take place 
spontaneously, or by means of the root. The simple operation 
of fermentation takes place from the gluten, which contains a 
quantity of azote, reacting upon the sugar which it invests ; 
and we shall see many instances in which chemical changes are 
effected through the instrumentality of the azotous principle 
which accompanies the other more truly vegetable principle. 
A computation was made by Boussingualt, a French chemist, 
that hay contains one hundredth part of its weight of azote. 
Hence we see the source of the nutriment of cattle fed on 
grass. Wheat contains even a larger quantity; and, in pro- 
portion to the nutritious quality of the wheat, shall we find the 
greater quantity of azote. And upon this depends the practical 
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application of chemistry to the art of culture,—viz. the provid- 
ing a plant witb substances which will give out azote to it; for 
such is the difference in wheat, that some only contains 34 per 
cent of gluten, whereas other wheat, provided by the care and 
foresight of the farmer, with proper composts, has this quantity 
of 34 per cent of gluten increased tenfold, or to 35 per cent. 
We also find, that if a horse, fur example, be fed upon potatoes 
(which it will eat readily enough), it is unfit for its work, and 
loses strength and spirit; because the potato is a part of the 
plant which contains but little azote. In the East Indies 
people live very much upon rice, which contains but little 
azote ; and, in order to get a fair proportion of this principle, 
they have to take a larger quantity of food. It is singular 
enough, that one of the articles in daily use in most families 
should be a substance containing a large quantity of azote—viz. 
coffee. The caféine or active principle of coffee, contains 
more azote than almost any other vegetable body. I was in 
hopes to have exhibited before you this evening a few proofs that 
some plants contain azote: but unfortunately it has very 
intractable qualities; and, though it would put out a light, it 
would not display any very active properties. The form in 
which it is best known in combination is that of ammonia, or 
the gas which is the pungent element of the salts contained in 
the smelling bottle. Ammonia is known to contain a certain 
proportion of azote, represented by the formula N. Hs, or one 
proportion of nitrogen or azote, with three proportions of 
hydrogen; and these two, combined in these proportions, 
constitute ammoniacal gas. This gas is formed under many 
circumstances, in the decomposition of vegetable and animal 
substances, and in the elimination of hydrogen; and therefore 
we may naturally expect, that, from the immense masses of 
putrefying matter upon the surtace of the earth, the relics of 
former generations, ammonia must be given out, into the 
atmosphere. Most of us were struck with the very small pro- 
portion of carbon or carbonic acid found in the air, only one- 
thousandth part of its bulk ; yet I showed you also, that when 
coral reefs are formed in the ocean by myriads of animalcula, 
these little animals contrive to abstract from the water sufficient 
carbonate of lime, to form future islands ; and yet the quantity 
of lime in sea-water amounts to only the 12,400th part of its 
bulk, and iodine is contained in salt water in the proportion of 
one-millionth. The air itself contains 79 per cent of free azote, 
about 21 per cent of oxygen, and one-thousandth of carbonic 
acid; but, unless we provide azote for plants in some other 
form than that in which it exists in the atmosphere, it is use- 
less. That form is ammonia; and in that form we must look 
for it in the air, as required for plants. If we take a jar full of 
atmospheric air, and look for ammonia in it, most of us will be 
disappointed, the quantity exists in so small a proportion. By 
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recent calculations, Liebig assumed that every cubic foot of air 
contains only a quarter of a grain of ammonia: Liebig has, 
however, found it in the air. Ammonia is a highly volatile sub- 
stance, at an ordinary temperature existing as a vapour; but if 
that vapour comes into contact with water, the water absorbs it 
so rapidly as almost to produce an explosion. Liebig conceived 
the idea, that if we wish to search for ammonia, we must look 
for it in the water which falls from the air, and by so doing has 
found it, as I have done, by repeating his experiments. Liebig 
took 100 gallons ef rain water; he applied heat, and distilled over 
four or five pints; he saturated it with acid, so as to fix the 
ammonia; evaporated it, and it left. crystallized muriate of 
ammonia. It appears, however, that our air in Manchester is 
rich in ammonia ; for, instead of 100 gallons, we had only to 
use 10 gallons ; and from the first pint distilled, Mr. Nield and 
I succeeded in procuring this quantity of ammonia [exhibiting 
a quantity crystallized in a glass]. It is natural to expect, 
where so much coal is burned, and where there is so large an 
accumulation of human beings, that if ammonia is to be found 
at all, it is in Manchester. We see, therefore, that the atmos- 
phere will provide for plants a quantity of ammonia, and so 
small as is the quantity entering into the composition of a plant, 
it is sufficient for the developement of those pews which 
are requisite to the nutrition of the plant. If one pound of 
rain water contain only a quarter of a grain of ammonia, then a 
field, having an area of 40,000 square feet, must receive annuall 
upwards of 801b of ammonia, or 65¹b of nitrogen. This is muc 
more nitrogen than is contained, in the form of albumen or gluten, 
in 2,650 of wood, in 2,800! of hay, or in 200 cwt. of beet- 
root, which are the usual products of that surface. It also 
happens, that the quantity of ammonia thus brought down by 
rain, after a drought, is larger than ordinary. In summer, a 
thunder shower drought is very likely to bring down, in 
the first part of the shower, a large proportion of ammonia. 
Liebig took different portions or strata of snow, and found the 
larger proportion of ammonia in the lowest stratum, which of 
course fell first. The sensation of greater hardness in rain 
water (felt on washing the hands) than in distilled water, is 
owing to the quantity of ammonia which rain water contains as 
eompared with distilled water. We have next to consider how 
this ammonis appears in plants, or whether it appears at all. Of 
this there is abundant evidence presented in the evaporation of 
the juice taken from the stem of the maple tree, which is 
generally saturated with lime, for the purpose of throwing down 
the gluten it contains, and the presence of the lime causes a 
disengagement of the gaseous ammonia sensible to all about. In 
the manufactoriesof maple and beet-root sugar, this escape of 
ammonia is very strikingly experienced ; indeed this circum- 
stance is one of very serious loss to the beet-root sugar manu- 
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facturer ; for the ammonia gives off, leaves behind it an acid 
salt which prevents the sugar erystallising, and causes consider- 
able loss by reducing the sugar to a treacly state, in which only 
a portion, instead of the whole, can crystallise. The products 
of the distillation of flowers, herbs, and roots, with water, and 
all the extracts of plants, for medicinal purposes, contain am- 
monia. The tobacco leaf contains ammoniacal juice ; the juice 
of the cut vine also gives offammonia. In connection with these 
facts, we may allude to some articles which the farmer employs 
to increase the fertility of hisland. Most of the composts used 
are rich in nitrogen, particularly bone-dust, crushed bones, and 
the shavings of horn, being parts of dead animals; but there 
are also other substances, which, when thrown over the field, 
increase its fertility, simply because they combine with the 
ammonia which comes down in rain water, and deprive it of its 
ammonia. Gypsum, or the sulphate of lime, is extensively used, 
and, when applied to a meadow exposed to alternations of wet 
and dry weather, causes it to produce abundantly ; but it is 
found not to answer upon a dry meadow ; and the reason is, that 
‘when rain falls, if carbonate of ammonia exists in the air, and 
comes into contact with gypsum, it is converted into carbonate 
of lime, and the ammonia is disengaged and absorbed mto the 
soil. The next shower dissolves a portion of it, which passes 
down to the root of the plant, and is assimilated by the plant 
itself. Many soils contain ammonia. If you take a piece of 
common pipe-clay, and moisten with a strong alkali, you per- 
ceive at once a smell of ammonia given off, which will even con- 
tinue for a couple of days. Other aluminous earths retain 
ammonia. Burned clay is often used by farmers to their land ; 
and burned clay is now found to absorb and retain ammonia. 
The ferruginous earths (those which contain an oxide of iron) 
also retain ammonia; and one of the most solid of these 
oxides, the hematite or red oxide of iron, a stone, contains 
one per cent of this gaseous principle. It is from these 
facts, now for the first time explained by Liebig,—that these 
materials used by the farmers prove beneficial in their applica- 
tion to the land. Humus is a spongy body, which absorbs 
ammoniacal gas to a considerable extent; and, with every 
shower of rain, it gives it out to be taken up by the roots of the 
plants. Plants, then, derive their nourishment from carbonic 
acid, ammonia, and water; these being the principal sources 
from which plants derive the greatest part of their bulk and 
weight: The plant assimilates to itself these respective elements 
from carbonic acid, ammonia, and water. In the decay of plants, 
these elements float to other plants, are again assimilated by 
thein, and thus the destruction of one generation of plants fur- 
nishes the materials out of which another is to be formed. The 
intermediate processes are obscure ; but still lights are to be 
thrown upon it, by analogy, which may form the subject of 
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another communication.—(Applause.) Let us now consider 
what other materials we find in plants. If a plant consisted 
merely of the elements mentioned, it would vaporize, be entirely 
dissipated, and nothing would be left; but very few plants will 
do this. Some of the elements of plants will do it, as staarch, 
sugar, and the essential oils; but generally we find, that, after 
the burning away of a plant, there is an ash left. In coals, 
which are but vegetables transformed, we find the value ot the 
coal depends upon the greater or less quantity of ashes left > and 
this ash we will term the inorganic principle of vegeta bles. 
This consists of potash, soda, lime, magnesia, some of the me- 
tallic oxides. phosphoric, sulphuric, and other acids, chlorine, 
iodine, and I need hardly enumerate them all; but they re a 
number of fixed elements, capable of existing in a solid f rm, 
unalterable and unchangeable by heat. [He exhibited a q wan- 
tity of ashes obtained from burning six ears of corn, fter 
threshing, and without the wheat; in addition to a quantity of 
soluble matter, which had been dissolved.] In reading the 
works of the older physiologists, we meet with the statencment, 
“Such a plant contains a little soda and a little magnesia, 
without specifying proportions, or any stress being laid wa pon 
the fact. But more accurate investigations have shown, that 
there are certain relative proportions between the quantit of 
these fixed materials and the plant itself; that, in proportion 38 
these exist in the soil or the plant, its developement is more of 
less perfect. If a farmer attempt to grow wheat on a soil Com 
taining neither flint nor potash, he may get wheat, but it bir 
not stand, the stems will not support it; because the stal K ich 
wheat contains a species of glass —silex in combination 
potass. He would have nothing in the ear, unless the soi Were 
provided with a salt called the phosphate of magnesia ancl 2 
monia. This has been tried in the mosses, which contain Fe ems 
enough, but without the addition of some compost they never bem: 
In the tribe of plants called equisetacee, the stem contains = 
quantities of silica. The Dutch rush contains so much th ies 
used for the purpose of polishing ; and it is found in large A pee 
tities in some tropical plants. Ihe bamboo in some of the 3 
contains absolute nodules of a substance consisting of 7 © 
cent of silica, and 30 per cent of potash. How came = oct 
there? There has been some controversy upon this 3h 
among chemists ; and one analysis has been made to show’ > - 
it could not be a permanent proportion, inasmuch as twa” 
trees which grew in different situations contained different pt 
portions. Liebig took these analyses, compared them tog” je of 
and then introduced (triumphantly I think) the princi £” a 
equivalents, laid down by our venerable townsman, Dr. Dalta? iv, 
showing that although the quantities appear very dissi ghe 
yet in their proportions they are exactly the same, althougy wer 
data were taken from a hostile source. Two pine trees 
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taken, one growing on Mont Breven, and the other on Mont La 
Salle. The first contained potash, lime, and magnesia ; and the 
sum of the carbonates of these amounted to 56°71 per cent in 
the ashes ; while those on the pine grown on Mont La Salle 
contained 58°55 of these carbonates; but this latter contained 
only potash and lime. In the first the quantities were carbo- 
nate of potash 3:60, carbonate of lime 46°34, carbonate of mag- 
nesia 6:77 ; in the second, carbonate of potash 7:36, carbonate 
of lime 51°19. So that the one containing no magnesia con- 
tained more lime and potash ; and when we examine the equiva- 
Jents (the proportions required to neutralize an acid), we find 
them in the one to amount to 9-01, in the other to 8:95, being a 
difference of only O06 (six hundredths), a difference of weight 
which few scales wouid detect. Liebig took another analysis in 
which the disproportions are much greater. He took two 
fir trees,—one growing in Norway, and the other at Allevard, 
in France. That in France contained potash, soda, lime, 
and magnesia; the sum of these carbonates was 49°5: while 
that of the carbonates found in the fir grown in Norway 
. was 51.45; yet these, when reduced to the equivalents in 
which they combine with acids, were found to be 11.62 
and 11.47; from which result Liebig is disposed to infer, 
that the presence of these elements is not accidental; but 
that they form a certain proportion, and enter into that 
proportion in the ratio of their equivalents. Now from 
what sources are these matters derived? Take a sandy heath, 
which contains, to all appearance, nothing but sand, and where 
the most expert analyst will detect nothing else; no humus 
whatever, and, if you attempt to grow wheat upon this heath, 
there will be nocrop. But, if on this heath plants are grown 
which require but little of the inorganic principle, and these 
are destroyed either by decay or combustion, it is found in 
practice that the heath acquires fertility. Take, for example, 
the Luneburg Heath, in Germany, which is covered with 
heath-plants generally, especially the erica vulgaris. Every 30 
or 40 years the practice is to burn down all the vegetable 
growth on the surface, to let the ashes sink into the ground, 
and then to sow wheat; and thus these plants, which have, for 
the space of 40 years, been constantly collecting a little of these 
elements, when burned, contain in their ashes the product of 
that number of years’ growth; which, when returned into the 
soil, is sufficient for one crop of plants which require a good 
large proportion of these elements. In the neighbourhood of 
Heidelberg, one of the perquisites of the woodcutters, after 
felling and clearing timber, is to be allowed to burn the roots, 
stumps, twigs, and leaves, and to raise one year's produce 
from the ground. They do so, and get one good crop; for, 

whatever the trees and plants collect goes on accumulating, 
and then, by destroying the carbonaceous parts by fire, the 
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inorganic products are returned to the soil, and provide for one. 
year's growth of wheat. Does not this show us what is meant 

by exhausting a soil? If wheat is grown year after year on 

the same soil, it is found that the crop becomes less and less 
productive. And why? Because, with every crop of wheat, 

se much of the inorganic elements is removed or taken away 
from the ground ; therefore, in order to allow this ground to 
recover these inorganic clements, it is necessary to resort either 
to the now exploded (?) system of a it to remain fallow, 
or to a rotation of crops; which, we shall show, will furnish 
the ground with potash and lime. But how does a soil happen 
to contain potash originally? All soils are formed from the 
disintegration of the harder rocks; they gradually accumulate 
in the lower parts of the country, being brought down by floods 
and other causes. We must look, then, to the composition of 
the rocks themselves. Suppose of each of these which I will 
enumerate, a field of 40,000 square feet (a Hessian acre) of 
surface, with a depth of twenty inches, were decomposed, the 
quantity of potash we might expect to find would be:—In 
felspar, 1,152,000tb ; in clinkstone, 200,000 to 400,000!» ; in 
basalt, 47,500lb to 76, 000lb; in clay slate, 100, O000lb to 

200, 000bb; and in loam, from 87,000łb to $00,000Ib. We also 
find, that the aluminous (or clay) earths contain a large pro- 
portion of potash; for we can obtain it not only from pure 
felspar, but from the granites. The potash these contain is 
not washed away by every shower of rain; for clay is a very 
impervious sort of material; and therefore, though the surface 
may be washed away, the interior still contains a large propor- 
tion. Wherever water penetrates, there the soil gives off its 
potash to the water, and this will be taken up by the spongeoles 
of the roots of plants. A single cubic foot of felspar, if decom- 
posed in clay, is sufficient to supply a wood of 40,000 square 
feet, with the quantity of potash necessary for the growth of 
timber upon it, for five years. Do we not, then, see the use of 
many of the composts now introduced upon land? The very 
dirt collected upon our roads must contain quantities of potash. 

The gritty portions of this dirt undergo decomposition ; it is 
reduced to the finest powder, and, from exposure toair and 
moisture, undergoes disintegration; and by this means an 

abundant supply of potash may be obtained. How does the 
earth, after being exhausted by the growth of plants, recover 

itself by lying fallow? It has the double advantage of not 

only having its Aumus exposed to the air, and converted into 

a sort of sponge; but the inorganic materials are still further 

decomposed by the action of the air, and thus become ready to 

furnish to the next crop the quantity of alkali required. We 

see that where silica is required as an ingredient in portions of 
a plant. it is necessary that potash should exist with it, to 

render it in some degree soluble. Thus the hard part of the 
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bamboo, and the stalk of wheat, which contain silica, have it 
accompanied with potash, which assists the silica to enter 
into a state capable of being assimilated to the plant. There 
is another beautiful provision in plants, for aking up some 
of the more insoluble elements, vis. that in one class of plants, 
the gramineæ, an acid is given, as an excretion from the roots, 
producing an acetic fluid, which, entering into combination with 
alkaline earth, forms soluble elements, and allows them to be 
taken up by the spongeoles, and reduces them to a state of as- 
similation. Plants growing there will assist in the disintegration 
of rocks more than mere weather will do. But suppose a soil 
pretty rich in potash, and that the farmer is misled by the desire 
of making the most of his land in a short time. He grows upon 
that land plants, which, when they attain their proper growth, 
are removed from the land, burned, and sold for potash—an 
article greatly in demand. The plant generally selected for this 
purpose is the artemisia, or wormwood ; if he grows it and sells 
the ashes, and next year thinks he will have a crop of wheat, he 
will be disappointed; for he has taken from the soil that very 
material which is essential to the welfare of his wheat the fol- 
lowing year. Again, it is essential to the farmer to know which 
of his crops take out the most of this principle, as contained in 
potash, lime, or magnesia. Tobacco and wheat require pretty 
much the same proportion of potash, at one period of their 
growth. Ifthe farmer attempts to cultivate the one after the 
other, the result will be pretty much the same as if he tried to 
grow two crops of the same plant in two succeeding years. It 
would seem from this, if the view taken by Liebig be correct, 
that it is important the farmer should always know what are the 
morganic elements contained in the crops he wishes to have ; 
for these must either be found in, or supplied to, the soil ; they 
cannot exist in the atmosphere. He ought next to examine his 
soil, and see if it contains them. If not, they must be added. 
Upon this, it seems to me, the important principles of agricul- 
ture depend. It is not necessary that each farmer should be 
himself an analyst; but a number of farmers might unite to 
procure the services of one ; and it is certain that success would 
follow the application of these principles. The quantity of 
morganic elements required by the plant, in 100 parts of the 
stalk of wheat, are 15.5 of ashes. In the same quantity of the 
dry stalks of barley, 8.54; in 100 parts of the sta k oats, 4.42 ; 
and thus we see, that the same field that yields only one harvest 
of wheat, might be made to produce two crops of barley, or 
three of oats, year after year. The illustration of the practice 
at Heidelberg, of allowing the woodcutters to burn the timber 
on the ground, will also show how land, which has been co- 
vered by forests for years, will, when the forest is consumed, 
become abundantly fertile. It is owing to this, that the trees 
themselves require but little a kali in proportion to the grasses ; 
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they have been assimilating this for years, and, when they are 
destroyed by decay or combustion, that ground is abundantly 
supplied with inorganic products necessary for a crop, and also 
with a fair proportion of vegetable soil. ‘The common practice 
with farmers in the rotation of crops is to follow with 
leguminose, which class of plants contains no free alkali, and 
only one per cent of the phosphates of lime and magnesia ; buck 
wheat contains only .09 per cent. These belong to the fallow 
crops; and the cause they do not exercise any injurious influ- 
ence on the land cultivated, is, that they do not extract the 
alkalies from the soil, and only a very small proportion of the 
phosphates. | 
Now, is there not something in all this deserving the atten- 
tion of agriculturists? They have hitherto gone on blindly ; 
they have arrived at a certain state of knowledge from experi- 
ence, and it is so far a useful guide ; but are they possessed of 
sufficient knowledge of facts connected with this important sub- 
ject, to form a principle and rule, in reference to crops and soils 
of various kinds, and the order of succession? And when we 
find a work published by a celebrated organic chemist, Dr. 
Liebeg, in which these principles are developed for the first 
time in Europe, are they not, I ask, highly deserving the atten- 
tion of agriculturists? They not only apply to all the articles 
of our daily food, but to the articles of raw produce which we 
consume in our manufactures ; and, in fact, it seems that cul- 
ture is not only useful, as supplying our animal wants, but also 
to lay the foundation of the prosperity of states, particularly of 
those engaged in commercial enterprise ; and therefore, in the 
speculations now afloat as to the transfer of the products of one 
part of the earth to another, it is important to set at rest cr 
estublish the principle upon which this must be effected. I do 
not stand here, in order to defend the principles of Liebig, but 
shall be glad to listen to the experience which any gentleman 
here has to offer; assuring you, that I have at least as much 
pleasure in listening to others as in hearing myself.— The 
lecturer concluded his communication (which was delivered 
extemporaneously with great ease and fluency) amidst the loud 
applause of his deeply-interested auditory. 
he Chairman® said, it was very gratifying to hear the sug- 
gestion of Mr. Ransome as to the practical application of 
chemistry to agricuiture ; for, though a farmer could scarcely 
be expected to become an analytic chemist, a number of 
farmers might congregate to talk matters over, and employ a 
person competent to try experiments, and in this way the 
important principles developed in Liebig’s work would become 
of immense practical importance to generations yet unborn. 
Perhaps we might not immediately see the application of these 
apparently dry details to the subject of animal and vegetable 
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nutrition; but we should doubtless see afterwards the connec- 
tion between the principles now developed, and the food we 
take into our stomachs. 


Mr. Ransome said, the plan he proposed to adopt was this: 
—To follow out the elements which constitute our food, and 
see whence they are derived as vegetable substances ; and then 
to apply these principles to the subject of animal nutrition ; and 
this appeared to him the only perfect way,—first, to treat of the 
materials of which they were made; next, what forms these 
were capable of assuming; then what forms they did really 
assume; and then what articles are more or less fit, and why, 
for the purpose of animal nutrition. 


The Chairman: Has Mr. Ransome verified the statement of 
Liebeg as to the development of oxygen from plants during the 
action of the sun’s light? $ 


Mr. Ransome: I have several years ago, quite to my own 
satisfaction. This is a very unfzvourable season of the year to 
repeat the experiment ; but I shall repeat it as soon as the 
sason will permit. 

The Chairman said, it was desirable that the fact should be 
established. He was quite delighted to see the quantity of 
ammonia on the table obtained from rain water. It was an 
extremely interesting and novel experiment. 


Mr. Ransome said, that one subject would require verifica- 
tion—the doctrine of vegetable equivalents, or whether certain 
plants of the same class, and under similar circumstances, con- 
tain equal qualities of alkaline or other bases. He had only 
mentioned four facts bearing on this point, all taken from 
Liebeg’s book ; but it was a subject requiring verification, and 
it would form an interesting inquiry for any chemist practised 
inorganic chemistry. It would not require much skill; the 
experiments were very easy. At their last meeting the subject 
of the epiphites was mentioned,—a subdivision of the parasitic 
tribes of plants; and, in answer to a question he (Mr. Ran- 
some) put, Mr. Moore had given an interesting statement as to 
some plants which grow attached to other plants, but not 
growing from them. He had since thrown out a valuable hint, 
—that, as epiphites grow upon the surface of other plants. the 
question was, is there an exudation from the parent plants, 
which is taken up after decomposition by the air, by these 
radicals, although they do not live upon the juices of the parent 
plant ? 

Mr. Moore said he thought there could be no question that 
secretions were thrown out upon icular parts of plants ; but 
in this point he had merely referred to those rough-coated 
plants, which the epiphites liked to select to fasten upon, and 
which he produced the other evening at the Philosophical 
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Society. There was one plant, the epidendron elongatum, which 
seemed to have no radicals whatever, nothing to take up even 
the humus from the tree upon which it fixed itself. The lichens 
might be considered epiphites, for they fixed themselves upon 
trees, they did not get upon the alburnum; but, having spon- 
ges, they very likely received their food from the humus secr 

by the plant to which they were attached; but the epidendron 
elongatum would grow suspended from a wall, provided the 
atmosphere were kept moist. All that is wanted to be known, 


most important part of Liebig’s book seemed to him to be 
this,—that the theory which he endeavoured to establish, cor- 
roborated all those facts which the farmers had found to be true 
from experience. He (Mr. Moore) could point out fields in the 
neighbourhood in which he was born, where the farmer, from 
improper motives, had taken two wheat crops in succession, 
without the land resting, and that land would not recover for 
years. In the rotation of crops, they never took two of wheat 
in succession. The common order of rotation was,—potatoes, 
with additional rich manure ; then wheat, then oats, next clover ; 
and then a good farmer would let his land rest before he began 
with crops again. Mr. Ransome mentioned a curious fact in 
connection with lichens ; in many of which, instead of woody 
fibre, was found a chemical salt, the double oxalate of lime. In 
several plants, crystals of chemical compounds were found 
existing in their tissues. A plant had been found (the chara 
hispida) covered over with crystals of the carbonate of lime. 
In the bamboo it existed as a sort of nodule, and Mr. Bowman 
doubtless knew other cases.—Mr. Bowman : Yes. 


Mr. Ransome then exhibited an interesting experiment. 
the solidification of ammonia in connection with a metal ; forming 
with mercury an amalgam, as tin or lead would do, and con- 
siderably and visibly increasing the bulk of the mercury. Into 
a solution of the salt of ammonia he poured some mercury, 
which lost much of its original fluidity,and attained a consistency 
something like that of soft butter. He then stated, that, as he 
wished for an opportunity of meeting a number of agricultural 
gentlemen, he should be glad to give a supplemental lecture 
between this and the next lecture for a general audience; and 
as the subject of the art of culture involved some details. which 
could hardly be discussed in public, on that occasion only his 
audience would be exclusively composed of gentlemen. 
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Mr. J. E. Bowman moved the thanks of the meeting to Mr. 
RansoOMe for his very lucid exposition of the important princi- 
ples Which had formed the subject of his lecture. 

The Crrarrman then called the attention of the company to 

de ptesemt position of the establishment, which he was sure 

they must be convinced was one of very great utility to various 
classes Of the community; more especially to the parents of 
large families growing up and wishing to become acquainted 
with the elementary parts of science, to whom this gallery would 
afford ities, not perhaps equalled by any other institu- 
tion Of a similar kind in the town. His brother directors and 
himelf earnestly requested those present to make it known 
amongst their friends. 


i Mr. Wx. Bouton, as a visitor, and by the committee privi- 
eged to be present, could not be satisfied without seconding the 
vole of thanks to Mr. Ransome. The subject was of immense 
importance ; and he trusted, that, through the kindness of Mr. 
me Me, the application of the principles of chemistry to the 
cultivation of the land would be productive of additional benefit 
e community, by diffusing information as to the principles 
enuneiated by Professor Liebig. 


... — ̃ . 7 ————— 


Exper iments on the Lateral Force of Electrical Explosions. By 
Joseru PRIESTLEV, LL. D., F. R. S.“ 


iota: P. being informed, in accounts of damages done by 
eon ing, of persons and things being removed to considerable 
stances, without receiving any hurt, he was excited to try 
1 he could produce similar effects by electricity. All 
e other known effects of lightning had been frequently 
that ed by the application of this power; but he did not know 
that this effect had ever been taken notice of by any electrician. 
thi, €X periments he presently found to be very easy; and he 

inks it not difficult to ascertain the cause of this striking effect, 
and the manner in which it is produced. 


If pieces of cork, wood, powder of any kind, or any light 
es whatever, be placed near the explosion of a jar, or battery, 

of ., ill not fail to be moved out of their places, at the instant 
to discharge. Ifthe explosion of a large battery be made 
chews over the surface of animal or vegetable substances, in 
ey Manner described in the printed account of his experiments, 
it d large corks be strewed along, or near the path intended for 
>It is surprising to observe with what violence they will be 
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driven about the room ; and this dispersion is in all directions 
from the centre of the explosion ; and it makes no difference 
whether the rods, between which it is made, be sharp-pointed 
or otherwise. The effect of this lateral force is very remark- 
able in attempts to fire gunpowder in electrical explosions. If 
the gunpowder be confined ever so close in quills or cartridges, 
and they be held fast in vices, yet, when the explosion is made 
in the centre of them, it will sometimes happen, even when a 
wire has been melted in the midst of the powder, and the frag- 
ments have been seen red-hot for some time in different parts of 
the room, that the powder has not been fired, or only a few 
grains of it, the rest being dispersed with great violence, part 
of it flying against the faces of persons who assisted in making 
the experiments. This circumstance, together with the charcoal 
being a conductor of electricity, makes it so extremely difficult 
to fire gunpowder by electrical explosions; and it is evidently 
owing to this lateral force, that parts of the melted wire fly so 
many ways, and to so great a distance from the place of ex- 
plosion. 


This lateral force is exerted not only in the neighbourhood 
of an explosion, when it is made between pieces of metal in the 
open air, but also when it is transmitted through wires that are 
not thick enough to conduct it perfectly ; and the smaller the 
wire, and the more complete the fusion, the greater is the dis- 
persion of light bodies placed near it. At one time, when the 
wire was not melted, but turned blue by the explosion (in which 
case it generally assumes a dusky red, which lasts but for a 
moment), there was a small dispersion from every part of the 
wire, but by no means So great as it would have been if it had 
been melted, or only heated to a greater degree. By a consi- 
derable number of trials Dr. P. found, that a greater force of 
explosion would move light bodies at a greater distance; but 
the smaller the bodies were, the less was this difference ; so that 
he supposed, that if they had no weight at all, they would 
probably be moved at the same distance by the explosion from 
any quantity of coated surface, charged equally high; but 
there was a great difference in the weights removed by different 
forces at the same distance. Placing the same piece of cork at 
the same distance from the place of explosion, he found that 
the discharge of one jar removed it ith of an inch, two jars 
14th, three 1 #ths, and four about 2 inches; so that he does not 
wonder at very heavy bodies being moved from their places, 
and to considerable distances, by strong flashes of lightning. 


That the immediate cause of this dispersion of bodies in the 
neighbourhood of electrical explosions, is not their being sud- 
denly charged with a quantity of electric matter, and therefore 
flying from others that are equally charged with it, is, he 
thinks, evident from the following experiments and observa- 
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tons- Je never observed the least sensible attraction of these 
light ies to the brass rods, through which the explosion 
. > OF to the electric matter passing between them, previous 
mu repulsion, though he used several methods which could 
m DAVE failed to show it, if there had been any such thing. 
mes he suspended them in fine silken strings, and ob- 
served that they had contracted no electricity after they had 
been Agitated in the manner described above. Sometimes he 
dipped them in turpentine, and observed that no part of it was 
found sticking either to the brass rods themselves, or to any 
part of the table between them and the place where the light 
bodies bad been laid. He even found that the explosion of a 
ce made ever so near to a brass rod did not so much as 
5 the equilibrium of the electric fluid in the body itself: 
œ when he had insulated the rod, and hung a pair of pith balls 
na €nd opposite to that near which the explosion passed, he 
that the balls were not in the least moved at the time of 
emplosion, which they would have been, if part of the electric 
ud, Natural to the body, had been driven, though but for a 
mets towards the opposite end. He also observed, that the 
E Was the same, when the explosion was made to pass 
fo Sh one of the knobs of the insulated rod. This lateral 
8 Was evident through thin substances of various kinds in- 
"Posed between the explosion and the bodies removed by it, 
Paper, tin-foil, and even glass; for when some grains of 
now der were put into a thin phial, close stopped, and held 
„De explosion of a battery, they were thrown into manifest 
‘gitation. 
Dr. P. therefore thinks it most probable, that this lateral force 
he duced by the expulsion of the air from the place where 
of Explosion is made. For the electric matter makes a vacuum 
Ar in its passage; and this air, being displaced suddenly, 
klare a Concussion to all the bodies that happen to be near it. 
ence the removal of the light bodies, and the agitation com- 
bod ed to the thin substances, and to the air, and the light 
e8 placed beyond them. The only objection to this hypo- 
mich 2 What this lateral force is not so much less in vacuo as 
cht be expected, when the air is supposed to receive the con- 
on first, and to communicate it to other boclies; but it 
with be considered, that the most perfect vacuum we can make 
a pump is not free from air. Dr. P. tried to make this 
that +; ent in a Torricellian vacuum, but could not succeed at 
t time. Besides, as the electric matter, of which an explosion 
— must take a wider path in vacuo, if not equally fill the 
in Ae Space, it may affect a body in its passage, without the 
naervention of any air. In condensed air, this lateral force was 
ot, as far as he could perceive, much increased. 


Willing to feel what kind of an impulse it was that acted on 
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bodies, when they were driven away by this lateral force of 
electricity; Dr. P. held his finger near the path of an explosion 
of the battery, passing over the surface of a green leaf, when he 
felt a stroke, as of something pushing against his finger. Severat 
corks, placed in the same situation, were driven to a considerable 
distance by the same explosion. Recolleeting that this power, 
which he now calls the lateral force of electrical explosions, 
must be the same with that which gives the concussion to 
water, mentioned in his experiments to imitate an earthquake, 
and to vegetable and animal substances, over the surface of 
which it passes; and being determined to make a more satisfac- 
tory trial of it than he had ventured to do before, he laid a 
green leaf on the palm of bis hand, intending to make the ex- 
plosion pass over the leaf; but the leaf was burst, and torn to 

ieces, and the explosion, passing over his hand, gave it a vio- 

ent jar, the effect of which remained, in a kind of tingling, for 
some time. 


Lastly, in order to judge the most perfectly of his force, Dr. 
P. laid a chain communicating with the outside of the battery 
on his bare arm, above the wrist, and bringing the discharging 
rod near the flesh, within about two inches and a half of the 
chain, he made the explosion pass over the quantity of the sur- 
face of the skin. Had he taken a greater distance, he was 
aware that the explosion would have entered the flesh ; which, 
he was sensible, would have given a painful convulsion to the 
muscles through which it passed. In this case the sensible 
effect was very different from that, being the same external 
concussion as before ; and he sometimes thought, that the sen- 
sation is not disagreeable. However, the hairs on the skin 
were singed, and curled up along the whole path of the explo- 
sion, and for the space of about half an inch on each side of it: 
also the papille pyramidales of the skin were raised, as when a 
person is shivering with cold. This was also the case in every 
part of the arm which the chain touched, and even that part 
of it which was not in the circuit. Both the path of the explo- 
sion, and the place on which the chain lay, had a redness 
which remained till the next day. Sometimes the flesh has 
contracted a blackness by this experiment, which has remained 
for a few hours. 
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Various Experiments on the Force of Electrical Explosions. 
By Joskrn Prirstitey, LL.D., F. R. S.“ 


Making the explosion of a battery pass over the surface of a 
geen cabbage-leaf, he observed that it left a track near 1th of 
an Mah in breadth, exceedingly well defined, and distinguished 
by a difference of colour from the rest of the leaf. Along this 
path also the firmness of texture in the leaf was entirely de- 
stroyed, that part becoming quite flexible, like a piece of cloth. 
Presently after, it turned yellow, withered, and became per- 
fdly brittle. 


Willing to try the effect of this explosion passing along the 
surface of oer. substances, he laid a sie of 3 window: 
glass on the path, pressed by a weight of six ounces; but it was 
shattered to pieces, and totally dispersed, together with the leaf 
on which it lay. Placing the blackside of a piece of corkwood 
upon it, pressed by a weight of half a pound, the leaf was not 
reut, but the cork was furrowed all the way, a trench being 
made In it about half an inch in breadth, and a quarter of an 
men in depth. Laying the smooth cut surface of a piece of 
cork, it was furrowed all the way, as if it had been cut with 
a tle, but not near so deep as before. Many of the small 
pieces, which had been rubbed off in the explosion, remained 
in the furrow. Also the substance of the cork seemed to be 
shattered, and it was easily rubbed off, a little way into it. 


He made this explosion on the surface of some red wine, in 
a small dish, and kept a part of the same quantity exposed in a 
similar manner: but he could perceive no difference between 
them after several days. 


The track of an electrical explosion on the surface of the 
bage-leaf, being so well defined, suggested an experiment to 
ascertain whether there was any sensible momentum in the elec- 
trie fluid, when it is rushing with violence from one side of a 
to the other. For this purpose he made the explosion 
Pass Over the leaves when they were cut in right and acute 
angles ; so that the shortest path, from the inside to the outside 
ofthe battery, was to turn close at the angle; and observed 
t it was not diverted from its course, in the least degree, by 
the rapidity of its own motion, but that it had turned exactly 
at the angle, and kept as close to the opposite side, as if the 
Motion had begun at the angle. The electric matter had how- 
ever been evidently attracted by the veins of the cabbage-leaf, 
Ving pursued them a little way, at least having sensibly af- 
fected hen, wherever it met with them in its passage. 


This experiment suggested another, intended to determine 
Whether the force of an explosion was at all diminished by being 


* From the Philosophical Transactions for 1769. 
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diverted from a right-lined course, and made to turn in a great 
number of angles. To do this, he first found, by a great num- 
ber of trials, what length of a small iron wire he was able to 
melt with a battery of about twenty square feet, in the middle 
of a circuit of about three yards of brass wire, considerably 
thicker than the iron, and stretched in two right lines, suspen- 
ded on silken strings. The length of the iron wire, melted in 
these circumstances, was about three inches. He then took the 
same brass wire, and fixing pins into a board of baked wood, 
twisted it about them, making it turn in a very great number 
of acute angles ; and he put three inches of the same iron wire 
in the middle of this crooked circuit, that he had done in the 
straight one; so that the electric matter in the explosion was 
obliged to make a great number of turns at acute angles, before 
it could come to the iron wire; but he always found that the 
same length of iron wire was melted in these circumstances as 
in the other, and not the least difference was perceived ,in the 
force. But though the form of the wire through which an ex- 
plosion passed, made no difference in its force, he found a very 
remarkable difference occasioned by the length of the circuit in 
wires of the; same thickness; and which surprised him very 
much. E 


To ascertain the practicability of firing mines by electrical 
explosions, Dr. P. took twenty-two yards of small brass wire 
(but so thick, however, that he could not have melted the least 
part of it by the force of any battery he had ever constructed), 
and extending it along a dry boarded floor, with a small piece 
of iron wire, and a cartridge of gunpowder about it, in the 
place that was most remote from the battery ; he found that, on 
the discharge, the wire was not melted, nor the gunpowder ex- 
ploded ; also the report was very faint. In other circumstances, 
a charge of the same battery was able to melt more than nine 
inches of this iron wire; and this same cartridge was easily 
fired near the battery, connected with shorter pieces of the 
same brass wire; so that the diminution of force must have 
been owing to the length of the circuit. 


In the place of this small brass wire, Dr. P. substituted an 
iron wire one-fifth of an inch thick, when about half an inch 
of the small iron wire was exploded; so that the force was 
not lessened so much in a circuit of the thick iron wire, as it 
had been in one of the small brass wires. To judge how much 
of the force might be lost by nearer circuits, consisting of less 
perfect conductors, he joined the middle of the circuit made 
by the iron wire with water, in which both the wires were im- 
mersed. The effect was, that the small iron wire was only 
made red-hot, but not exploded as before. Being sensible how 
much depended on avoiding lesser circuits, by which part of 
the fire of an explosion might return to the battery, without 
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reaching the extremity of the circuit, where he intended the 
whole of its force to be exerted, in the remaining experiments, 
he insulated half the circuit of iron wire. There was no occa- 
sion for insulating the whole circuit ; for if there was but one 
passage to, or from the middle of it, there could be but one 
from, or to it. In this method it was easy to ascertain what 
loss of force was occasioned by the length of the circuit, as 
every other circumstance was carefully excluded; and it pre- 
sently appeared to be very considerable; for though it could 
melt nine inches of the small iron wire at the distance of fifteen 
yards from the battery ; when he tried twenty yards, he found 
that he Was just able to inake six inches of it red-hot. The 
battery im these experiments was in the house, and the wires of 
which the circuit consisted were conveyed by silken strings 
into a garden adjoining to the house. 


Menti Oning this loss of force occasioned by the length of the 
circuit im electrical explosions to Dr. Franklin, he said that the 
been observations had occurred to him, and that he had also 
f 8 disappointed in an attempt to fire gunpowder at a distance 
ay S battery. Struck with this appearance, Dr. P. endea- 
9 8 8 to ascertain the quantity of this obstruction, by trying 
n. er courses the electric fire would chuse preferably to 
of the Metallic circuit. In the first place, taking about a yard 
many. mall brass wire, mentioned above, he disposed it in the 
rE described below, connecting one of the ends with the 
Ide of the battery, and the other with the inside. In the 
onta lace, he brought the parts near the two extremities into 
5 th.” and, on the discharge, found there had been a fusion 
chore, © place, and that a great part of the fire had taken the 
one r Circuit, though it had been obliged to quit the wire in 
mow. Place, and enter it again in another. Afterwards he re- 
on N these parts to a small distance from one another, and, 
the explosion, observed a strong spark pass between them. 
exp] Oving them to greater and greater distances, he found the 
Sion to pass above one-third of an inch in the air, rather 

and Make the circuit of the continued wire. Using a longer 
Smaller iron wire, the passage through the air exceeded half 


o RCh, He then took four or five yards of iron wire one-tenth 
min Arach thick, when the passage through the air was still half 


one. h ; and taking three yards and a half of wire that was 
and "fH, of an inch thick, the spark in the air was half an inch, 
only etimes near three quarters of an inch. Making use of 
was halt the length of this wire, the passage through the air 
he 5 half chat distance, or one-fourth of an inch. When 
and Pt the place of near contact about the middle of this wire, 
Wag ma de the explosion at the extremities of the whole wire, he 
more Viged to bring them about as near again, i. e. to little 

than the eighth of an inch, before the passage would be 
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through the air ; so that the force of the whole explosion must 
have been greatly weakened by its passing through so much of 
the wire. Lastly, he took a pair of kitchen tongs, the legs of 
which were two feet, and the smallest part of them above half 
an inch in diameter ; when the circuit was made about one- 
sixth of an inch in the air (for at that distance from one another 
the ends of the tongs had been fixed) rather than through four 
feet of that thick iron. 


Notwithstanding this evident passage of the electric matter 
through the air, at the same time that a metallic circuit was 
provided for it; it was certain that the whole of the charge did 
not pass in the air: for when he extended one-third of an inch 
of small iron wire between the nearest parts, it was only made 
red-hot by the discharge ; whereas above two inches of it would 
9 gic exploded, if there had been no other metallic circuit 
at 


As the electric fire meets with so much obstruction in pass- 
ing threugh a circuit of iron of this thickness, Dr. P. makes no 
doubt but that it is considerably obstructed in passing through 
metallic circuits of any thickness whatever; and that it would 
prefer a very short passage through the air, if they were made 
even of no great length. In this method the different degrees 
of condueting power in different metals may be tried, using 
metallic circuits of the same length and thickness, and observ- 
ing the difference of the passage through the air in each. N. B. 
A common jar answers as well, in these experiments, as a large 
battery. It is evident, from many experiments, that the whole 
fire of an explosion does not pass in the shortest and best cir- 
cuit ; but that, if inferior circuits be open, part will pass in 
them at the same time. Of this Dr. P. made the following 
satisfactory trial. He took an iron chain, and laid it upon a 
table, in contact with a charged jar; so that the parts of it 
made two circuits for the discharge, which he could vary at 
pleasure ; and he observed that, when one of the circuits was 
but half an inch, and the other more that half a yard; yet, if 
the charge was high, it always went in them both, there being 
considerable flashes between the links of the remotest part of 
the chain. Ifthe charge was weak, it passed in the shortest 
circuit only. 

It is evident, that when the wires of a battery are not in 
close contact, there must be some loss of force in the discharge ; 
but this never appeared to be very considerable. To ascertain 
it by experiment, he first found, by repeated trials, what length 
of a piece of iron wire he was able to melt with a battery con- 
sisting of twenty jars, with the wires and connecting rods quite 
loose, and a chain tu join the rods belonging to each row of jars, 
which is the manner in which he had generally constructed 
them. In these circumstances, he found the battery was able 
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to melt something more than two inches and a half of the wire. 
He then soldered the wires of each jar to the rod which con- 
nected them, and also soldered another rod to all these, instead 
of the chain which he had used; so that he avoided near one 
hundred sparks in the discharge, at each of which there must 
have been some loss of force; but he did not find, after many 
trials, that the strength of the battery had been thus sensibly 
diminished : for he could not melt three inches of the same 
5 of wire in these cireumstances. It was only made red- 

ot, which is equivalent to the melting and exploding of little 
more than twe inches and a half. | 


Observations on Atmospheric Electricity. By M. PELtrer.* 


The instruments which serve to measure electricity do 
only indicate the electric difference of bodies to which they are 
applied, and not the absolute quantily which either of them con- 
tains. This defect is a grave inconvenience for meterological 
observations, since the instruments may be plunged into a strong 
electric atmosphere without giving any indication. This defect 
is common to two kinds of electric measurers, but the multiplier 
has a very great inferiority in point of sensibility, as I have 
shown in a memoir published in 67th volume of the Annals d 
Chimie et de Physique; I have proved that, with the best multi- 
plier, it is necessary to discharge 7069 degrees of statical elec- 
tricity through its wires to produce one degree of dynamic 
divation in the needle. These two defects of the multipler, 
(indication of electric difference of bodies, and want of sensi- 
bility), render that apparatus insufficient for studying atmos- 
pheric electricity under a serene sky, at low altitudes; for 
Instance, making the ground for one of the extremities of the 
conductor, and the height of buildings for the other. Moreover, 
for exploring the atmosphere, the multiplier, hitherto, has only 
been empleyed for indicating the electricity of stormy clouds. 

For the purpose of resuming this question, and interrogating 
the atmosphere at great altitudes, I have taken advantage of the 
serenity of the weather, which has continued for a long time. 
The experiments were made on an elevated plane three leagues 
from Corbeil, on the grounds of M. Ant. Breguet, where I met 
with all the attention and assistanee that I could desire, both in 
instruments, skill, and devotion to the science. Professor Gut- 
tierez took with us a very active part in these researches. 

On the L let of April last, the sky being sufficiently clear, 
notwithetanding vapours forming long cirri, occasionally com- 

* Comptes Rendus for May, 1840. 
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bining in long strata, and advancing slowly at a distance, the 
air gave feeble electric indications at three meters from the 
ground: the wind, in the lower strata, being north west, whilst 
that at the height of the clouds was due south. About noon 
we sent up a kite attached to a copper wire of 400 metres long. 
The bobbin round which the wire was coiled had a calculater 
attached for the purpose of ascertaining the quantity of wire let 
off to the kite ; and every part of the apparatus was susceptible 
of insulation when required. A multiplier of 3000 convolutions 
of wire, communicated with the wire on the bobbin, by one of 
its extremities, and with the ground by the other: and an elec- 
troscope could testify the indications of the multiplier at each 
instant. The angle formed by the kite-string and the ground 
was easily ascertained: the former being the hypothenuse. 


The kite being arrived at the height of 30 metres, the 
multiplier showed but little sign of: a current, whilst the elec- 
troscope gave indications of an increasing tension of positive 
electric action. From 30 to 40 metres the multiplier deviated 
from 2° to 3°, and indicated a positive current descending. 
Above that height, both the multiplier and the electroscope 
indicated a neutral zone. Afterwards, we had a negative de- 
scending current, with a deflection of 2° or 3°. The electros- 
cope indicated the negative zone, or strata, to be about the 
thickness of 20 metres, above which, we again found the at- 
mosphere positive. The new positive current was feeble at 
first, but the kite having mounted to 120 metres the needle 
commenced a rapid deflection ; and when it had arrived at the 
height of 180 metres, the current gave 60° of deflection, cor- 
responding to 160 proportional degrees. 


This reversal of the current being a fact too curious not to 
attract our attention; we again interrogated the atmosphere the 
next few following days; but there being an uniform serenity 
of weather we could not find any reversal of electric action. 
such as we obtained in the first day’s experiments; the atmos- 
phere being positive from the commencement at 2 metres from 
the ground. The tension increased to about 30 or 40 metres ; 
and it was not till the kite arrived at that height that the elec- 
tricity became sufficiently intense to act on the needle of the 
multiplier. From 40 to 100 metres altitude the needle ad- 
vanced very feebly, but at the latter elevation the deviation 
proceeded rapidly, and when the kite had mounted to 247 
metres, the needle became deflected 90° and remained steady 
between 70° and 80°, which showed a mean current of 600 
proportional degrees. 

The constant fact that we have found during‘those fine dry 
days, is, that the positive electricity increased slowly to the 
altitude of 100 meters; but above that height it increased 
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rapidly to the highest altitude that we have attained. The 
needle is not tranquil in its deflections, but varies considerabl 
according to the changes and force of the wind. It is princi- 
pally when the kite’s head was agitated that the variations of the 
needle were most considerable: at those times it would fre- 
quently deviate over an arc of from 108 to 25° in a moment ; 
corresponding with 30° to 40° of proportionals.“ 


An Altempt to Explain some of the Principal Phenomena of 
Electricity, by Means of an Elastic Fluid. By the Hon. 
Henry Cavenpisn, F. R. S. 


Since first writing the ſollowing paper, Mr. C. found that 
this way of accounting for the phenomena of electricity, is not 
new. /Epinus, in his Tentamen Theorie Electricitatis et 
Magnetismi, has made use of the same, or nearly the same hy- 
pothesis; and the conclusions he draws from it, agree nearly 
with Mr. C.’s, as far as he goes. However, as Mr. C. has 
carried the theory much farther than he has done, and has con- 
sidered the subject in a different, and in a more accurate manner, 
he hopes the society will not think this paper unworthy their 
acceptance. 

The method he proposes to follow is, first, to lay down the 
hypothesis; next, to examine by strict mathematical reasoning, 
or at least, as strict reasoning as the nature of the subject will 
admit of, what consequences will flow from thence ; and lastly, 
to examine how far these consequences agree with such experi- 
ments as have yet been made on this subject. In a future 
paper, he intends to give the result of some experiments he was 
making, with intent to examine still further the truth of this 
hypothesis, and to find out the law of the electric attraction and 
repulsion. 

Hypothesis.—There is a substance, which Mr. C. calls the 
electric fluid, the particles of which repel each other, and attract 
the particles of all other matter, with a force inversely as some 
less power of the distance than the cube: the particles of all 
other matter also repel each other, and attract those of the elec- 
tric fluid, with a force varying according to the same power of 
the distances. Or, to express it more concisely, if we consider 
the electric fluid as matter of a contrary kind to other matter, 
the particles of all matter, both those of the electric fluid and of 


° We imagine that our author means proportional intensity as indicated 
by some kind of electrometer.— Edit. 
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other matter, repel particles of the same kind, and attract those 
of a contrary kind, with a force inversely as some less power of 
the distance than the cube. For the future, he would be un- 
derstood never to comprehend the electric fluid under the word 
matter, but only some other sort of matter. 


It is indifferent whether we suppose all sorts of matter to be 
indued in an equal degree with the foregoing attraction and 
repulsion, or whether we sup some sorts to be indued with 
it in a greater degree than others ; but it is likely that the elec- 
tric fluid is indued with this property in a much greater degree 
than other matter ; for in all probability the weight of the elec- 
tric fluid in any body bears but a very small proportion to the 
weight of the matter; but yet the force with which the electric 
fluid therein attracts any particle of matter, must be equal to 
the force with which the matter therein repels that particle ; 
otherwise the body would appear electrical, as will be shown 
hereafter. To explain this hypothesis more fully, suppose that 
one grain of electric fluid attracts a particle of matter, at a given 
distance, with as much force as n grains of any matter, lead for 
instance, repel it: then will one grain of electric fluid repel a 
particle of electric fluid with as much force as n grains of lead 
attract it; and one grain of electric fluid will repel one grain of 
electric fluid with as much force as n grains of lead repel n 
grains of lead. 


All bodies in their natural state, with regard to electricity, 
contain such a e uf electric fluid interspersed between 
their particles, that the attraction of the electric fluid in any 
small part of the body, on a given particle of matter, shall be 
equal to the repulsion of the matter in the same small part on 
the same particle. A body in this state Mr. C. calls saturated 
with electric fluid; if the body contains more than this quantity 
of electric fluid, he calls it overcharged: if less, he calls it 
undercharged. This is the hypothesis; he now proceeds to 
examine the consequences which will flow from it. 


Lemma 1.—Let kae (pl. 3, fig. 1) represent a cone continued 
infinitely ; let a be the vertex, and Bb and nd planes parallel to 
the base ; and let the cone be filled with uniform matter, whose 
particles repel each other with a force inversely as the n power 
of the distance. If n is greater than 8, the force with which a 
particle at a is repelled by xsbe, or all that part of the cone 

1 


beyond sò, is as * 3. For supposing as to flow, the 


fluxion of EBbe is proportional to — AB -|- aB*, and the fluxion 
— AB 
of its repulsion on a is proportional to {p= —s; the fluent of 


which is 1 — 3 A* 3 ; which when as is infinite is equal 
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to nothing ; consequently the repulsion of esbe is proportional 
1 1 
to n — 3 -|- aB” 3 ° to A — 3° 


1 
Corol. If as is infinitely small, {pa — gais infinitely great; 


therefore the repulsion of that,part of the cone between a and 
Bb, on A, is infinitely greater] than the repulsion of all that 
beyond it. 

Lemma 2.—By the same method of reasoning it appears, 
that if n is equal to 3, the repulsion of the matter between Bb 


and pd on a particle at a, is proportional to the logarithm of 
=; consequently the repulsion of that part is infinitely small 


in respect of that between a and pb, and also infinitely small in 
respect of that beyond pd. 


Lemma 8.— lu like manner, if n is less than 3, the repulsion 
of the part between a and Bb on a is proportional to a1 : 
consequently thejrepulsion of the matter between A and 8) on 
a, is infinitely l in respect of that beyond it. 


Corol. It is easy to see, from these three lemmata, that if the 
electric attraction and repulsion had been supposed to be in- 
versely as some higher power of the distance than the cube; a 
pafticle could not have been sensibly affected by the repulsion 
of any fluid, except what was placed close to it. If the repul- 
sion was inversely as the cube of the distance, a particle could 
not be sensibly affected by the repulsion of any finite quantity 
of fluid, except what was close to it. But as the repulsion 1s 
supposed to be inversely as some power of the distance less than 
the cube, a particle may be sensibly affected by the repulsion of 
a finite quantity of fluid, placed at any finite distance from it. 


Defnition. If the electric fluid in any body, is by any means 
confined in such manner that it cannot move from one part o 
the body to the other, Mr. C. calls it immoveable: if it is able 
to move readily from one part to another, he calls it moveable. 


Prop. 1.—A body overcharged with electric fluid attracts or 
repels a particle of matter or fluid, and is attracted or repelled 
by it, with exactly the same force as it would, if the matter in 
it, together with so much of the fluid as is sufficient to saturate 
it, was taken away, or as if the body consisted only of the re- 
dundant fluid in it. In like manner an n ene body 
attracts or repels with the same force, as if it consisted only of 
the redundant matter; the electric fluid, together with so 
much of the matter as is sufficient to saturate it, being taken 
away.—This is evident from the definition of saturation. 


Prop. 2.— Two over or undercharged bodies attract or repel 
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each other with just the same force that they would, if each 
body consisted only of the redundant fluid in it, if overcharged, 
or of the redundant matter in it, if undercharged.—For, let the 
two bodies be called a and B: by the last proposition, the re- 
dundant substance in B impels each particle of fluid and matter 
in a, and consequently impels the whole body a, with the same 
force that the whole body B impels it: for the same reason the 
redundant substance in A impels the redundant substance in B, 
with the same force that the whole body A impels it. It is 
shown therefore, that the whole body B impels the whole body 
A, with the same force that the redundant substance in B impels 
the whole body a, or with which the whole body a impels the 
redundant substance in B; and that the whole body a impels 
the redundant substance in B, with the same force that the re- 
dundant substance in a impels the redundant substance in B. 
Therefore the whole body B impels the whole body a, with the 
same force with which the redundant substance in a impels the 
redundant substance in B, or with which the redundant sub- 
stance in B impels the redundant substance in a. 


Corol. Let the matter in all the rest of space, except in two 
given bodies, be saturated with immoveable fluid; and let the 
fluid in those two bodies be also immoveable. Then, if one of 
the bodies is saturated, and the other either over or under- 
charged, they will not at all attract or repel each other. If the 
bodies are both overcharged, they will repel each other. “If 
they are both undercharged, they will also repel each other. 
If one is overcharged and the other undercharged, they will 
attract each other. 


N. B. In this corollary, when Mr. C. calls a body overchar- 
ged, he would be understvod to mean, that it is overcharged in 
all parts, or at least no where undercharged ; in like manner, 
when he calls it undercharged, he means that it is undercharged 
in all parts, or at least no where overcharged. 


Prop. 3.—If all the bodies in the universe are saturated with 
electric fluid, it is plain that no part of the fluid can have any 
tendency to move. 


Prop. 4.--If the quantity of electric fluid in the universe is 
exactly sufficient to saturate the matter therein, but unequally 
dispersed, so that some bodies are overcharged and others un- 
dercharged ; then, if the electric fluid is not confined, it will 
immediately move till all the bodies in the universe are satu- 
rated.—For, supposing that any body is overcharged, and the 
bodies near it are not, a particle at the surface of that body 
will be repelled from it by the redundant fluid within; con- 
sequently some fluid will run out of that body ; but if the body 
is undercharged, a particle at its surface will be attracted 
towards the body by the redundant matter within, so that some 
fluid will run into the body. 
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N.B. In prob. 4, case 8, there will be shown an exception to 
this proposition: there may perhaps be some other exceptions 
to it: but he thinks there can be no doubt that this proposition 
must hold good in general. 


Lemma 4.—Let soe, öde, and gx (fig. 2) be concentric 
spherical surfaces, whose centre is c: if the space * sò is filled 
with umform matter, whose particles repel with a force 
inversely as the square of the distance ; a particle placed any 
where within the space cb, as at r, will be repelled with as 
much force in one direction as another, or it will not be im- 
10 55 in any direction. This is demonstrated in Newt. Princip. 
ib. 1 prop. 70. It follows also from his demonstration, that if 
the repulsion is inversely as some higher power of the distance ° 
than the square, the particle p will be impelled towards the 
centre ; and if the repulsion is inversely as some lower power 
than the square, it will be impelled from the centre. 


Lemma 5.—If the repulsion is inversely as the square of the 
distance, a particle placed any where without the sphere BDE, 
is repelled by that sphere, and also by the space Bb, with the 
same force that it would if all the matter therein was collected 
m the centre of the sphere ; provided the density of the matter 
in it is every where the same at the same distance from the 
centre. This is easily deduced from prop. 71 of the same book, 
and has been demonstrated by other authors. : 


Prop. 5, prob. 1.—Let the sphere spe be filled with uniform 
solid matter, overcharged with electric fluid; let the fluid in 
it be moveable, but unable to escape from it: let the fluid in 
the rest of infinite space be moveable, and sufficient to saturate 
the matter in it; and let the matter in the whole of infinite 
space, or at least in the space B2, whose dimensions will be 
given below, be uniform and solid ; and let the law of the elec- 
tric attraction and repulsion be inversely as the square of the 
distance ; it is required to determine in what manner the fluid 
will be disposed both within and without the globe. 


Take the space Bb such, that the interstices between the par- 
ticles of matter in it shall be just sufficient to hold a quantity of 
electric fluid, whose particles are pressed close together, so as to 
touch each other, equal to the whole redundant fluid in the 
globe, besides the quantity requisite to saturate the matter in 
BÒ ; and take the space B? such, that the matter in it shall be 
jast able to saturate the redundant fluid in the globe: then, in 
all parts of the space Bd, the fluid will be pressed close together, 
so that its particles shall touch each other; the space s; will 


e By the space Bb or B5, Mr. C. means the space comprehended between 
the spherical surfaces BDE and bde, or between BDE and; by the space 
cb or cz, he means the spheres bde or 3*:—Orig. 
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be entirely deprived of fluid; and in the space cd, and all the 
rest of infinite space, the matter will be exactly saturated. 


For, if the fluid is disposed in the above mentioned manner, 
a particle of fluid placed any where within the space cb will not 
be impelled in any direction by the fluid in sò, or the matter in 
Ba, and will therefore have no tendency to move; a particle 
placed any where without the sphere es. will be attracted with 
just as much force by the matter in B3, as it is repelled by the 
redundant fluid in Bb, and will therefore have no tendency to 
move: a particle placed any where within the space Bb, will 
indeed be repelled towards the surface, by all the redundant 
fluid in that space which is placed nearer the centre than itself ; 
but as the fluid in that space is already pressed as close to- 
gether as possible, it will not have any tendency to move; and 
in the space Bz there is no fluid to move, so that no part of 
the fluid can have any tendency to move. 


Moreover, it seems impossible for the fluid to be at rest, if it 
is disposed in any other form ; for if the density of the fluid is 
not every where the same at the same distance from the centre. 
but is greater near ö than near d, a particle placed any where 
between those two points will move from b towards d; but if 
the density is every where the same, at the same distance from 
the centre, and the fluid in Bb is not pressed close together, the 
space cb will be overcharged, and consequently a particle at 5 
will be repelled from the centre, and cannot be at rest: in like 
manner, if there is any fluid in s3, it cannot be at rest: and, 
by the same kind of reasoning, it might be shown, that, if the 
fluid is not spread uniformly within the space cb, and without 
the sphere 35 it cannot be at rest. 


Corol. 1. If the globe BDE is undercharged, every thing else 
being the same as before, there will be a space Bd, in which the 
matter will be entirely deprived of fluid, and a space Bz, in 
which the fluid will be pressed close together; the matter in 
Bb being equal to the whole redundant matter in the globe, 
and the redundant fluid in Bz, being just sufficient to saturate 
the matter in Bd: and in all the rest of space the matter will be 
exactly saturated. The demonstration is exactly similar to the 
furegoing. 

Corol. 2. The fluid in the globe Dx will be disposed in 
exactly the same manner, whether the fluid without is immove- 
able, and disposed in such manner that the matter shall be 
every where saturated, or whether it is disposed as above de- 
scribed; and the fluid without the globe will be disposed in 
just the same manner, whether the fluid within is disposed 
uniformly, or whether it is disposed as above described. 


Prop. 6, prob. 2.— To determine in what manner the fluid 
will be disposed in the globe BDE, supposing every thing as in 
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the last problem, except that the fluid on the outside of the 
globe is immoveable, and disposed in such manner as every 
where to saturate the matter, and that the electric attraction 
and repulsion is inversely as some other power of the distance 
than the square. 


I am not able, says Mr. C., to answer this problem accu- 
rately ; but I think we may be certain of the following cir- 
cumstances. 


Case 1. Let the repulsion be inversely as some power of the 
distance between the square and the cube, and let the globe be 
overcharged. It is certain that the density of the fluid will be 
every where the same at the same distance from the centre. 
Therefore, first, there can be no space, as cb, within which 
the matter will be every where saturated ; for a particle at b is 
impelled towards the centre, by the redundant fluid in Bb., and 
will therefore move towards the centre, unless cb is sufficientiy 
over-charged to prevent it. Secondly, the fluid close to the sur- 
face of the sphere will be pressed close together ; for otherwise a 
particle so near to it, that the quantity of fluid between it and 
the surface should be very small, would move towards it; as 
the repulsion of the small quantity of fluid between it and the 
surface, would be unable to balance the repulsion of the fluid 
œ the other side. Whence, he thinks, we may conclude, 
that the density of the fluid will increase gradually from the 
centre to the surface, where the particles will be pressed 
close together. Whether the matter exactly at the centre 
will be overcharged, or only saturated, he cannot tell. 


Corol. For the same reason, if the globe be undercharged, 
he thinks we may conclude, that the density of the fluid 
will diminish adually from the centre to the surface, where 
the matter will be entirely deprived of fluid. 


Case 2. Let the repulsion be inversely as some power of 
the distance less than the square ; and Jet the globe be over- 
charged. There will be a space Bb, in which the particles 
of the fluid will be every where pressed close together ; and 
the quantity of redundant fluid in that space will be greater 
than the quantity of redundant fluid in the whole globe BDE; 
so that the space ch, taken all together, will be undercharged. 
But he cannot tell in what manner the fluid will be disposed 
in that space. For it is certain that the density of the fluid 
will be every where the same at the same distance from the 
centre. Therefore, let b be any point where the fluid is not 
pressed close together, then will a particle at b be impelled 
towards the surface, by the redundant fluid in the space Bb; 
therefore, unless the space cb is undercharged, the particle 
will move towards the surface. 


Corol. For the same reason, if the globe is undercharged, 
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there will be a space Bb, in which the matter will be entirely 
deprived of fluid, the quantity of matter in it being more than 
the whole redundant matter in the globe; and consequently 
the space cb, taken all together, will be overcharged. 


Lemma 6.— Let the whole space comprehended between two 
parallel planes, infinitely extended each way, be filled with uni- 
form matter, the repulsion of whose particles is inversely as the 
square of the distance ; the plate of matter formed thereby will 
repel a particle of matter with exactly the same force, at what- 
ever distance from it, it be placed. 


For, suppose that there are two such plates, of equal thick- 
ness, placed parallel to each other, let a (fig. 3) be any point 
not placed in or between the two plates: let Bcp represent any 
part of the nearest plate: draw the lines aB, ac, and aD, cutting 
the farthest plate in ö, c, and d; for it is plain, that if they cut 
one plate, they must, if 5 cut the other; the triangle 
BCD is to the triangle bed, as aB? to ab?; therefore a particle of 
matter at a will be repelled with the same force by the matter 
in the triangle scp, as by that in bcd. Whence it appears, that 
a particle at a will be repelled with as much force by the 
nearest plate, as by the more distant; and consequently will be 
‘impelled with the same force by either plate, at whatever dis- 
tance from it it be placed. 


Corol. If the repulsion of the particles is inversely as some 
higher power of the distance than the square, the plate will repel 
a particle with more force, if its distance be small than if it be 
great; and if the repulsion is inversely as some lower power 
than the square, it will repel a particle with less force, if its dis- 
tance be small, than if it be great. 


Prop. 7, prob. 3.—In fig. 4 let the parallel lines aa, Bb, &c, 
represent parallel planes infinitely extended each way: let the 
spaces* aD and EE be filled with uniform solid matter: let the 
electric fluid in each of those spaces be moveable and unable to 
escape ; and let all the rest of the matter in the universe be 
saturated with immoveuble fluid ; and let the electric attraction 
and repulsion be inversely as the square of the distance. It is 
required to determine in what manner the fluid will be disposed 
in the spaces AD and En, according as one or both of them are 
over or undercharged. 


Let Ap be that space which contains the greatest quantity of 
redundant fluid, if both spaces are overcharged, or which 
contains the least redundant matter, if both are undercharged ; 
or, if one is overcharged, and the other undercharged, let aD 
be the overcharged one. Then, first, there will be two spaces, 
ab and on, which will either be entirely deprived of fluid, or 


*By the space aD or aB, &c. is meant the space comprehended between 
the planes aa and Dd, or between aa and Bb—Orig. 
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in whielr the particles will be pressed close together; namely, 
if. ‘the whole quantity of fuid in aD and En together, is less 
than -sufficient to saturate the matter therein, they will be 
entirely deprived of fluid; the quantity of redundant matter in 
each being half the whole redundant matter in ‘AD. and En 
together: but if the fluid in ap and ER together is more than 
sufficient to saturate the matter, the fluid in as and en will be 
pressed close together; the quantity of redundant fluid in each 
being half the whole redundant fluid in both spaces. 2d. In 
the space cp the fluid will be pressed -close together; the 
quantity of fluid in it being such, as to leave just enough fluid 
in- vc to saturate the matter in it. 3d. The space Br will be 
entirely deprived of fluid; the quantity of mattef ‘in it being 
euch, that the fluid in ro shall be Just sliffftient to unturate the 
matter in it: consequently the redundant fluid in ch will be 
just sufficient to saturate the redundant matter in Er; for as AB 
and on together contain the whole redundant fluid or matter in 
both spaces, the spaces Bp and xo together contain their natural 
quantity of fluid; and therefore, as nc and ro eaeh. contain 
their natural quantity of fluid, the spaces cp and Er together 
contain their natural quantity of fluid. And, 4th, the spaces 
Bc and vo will be saturated in all parts. 


For, Ist. if the fluid is disposed in this manner, no particle 
of it can have any tendency to move: for a particle placed any 
where in the spaces sc and ro, is attracted with just us muc 
force by Er, as it is repelled by cp; and it is repelled or 
attracted with just as much force by Ax, as it is in a contra 
direetion by Gu, and consequently has no tendency to move. 
particle placed any where in the space cp, or in the spaces AB 
and en, if they are overcharged, is indeed repelled with more 
farce towards the planes nd, aa, and Hh, than it is in the 

direction ; but as the fluid in those spaces is already 
as much compressed as possible, the particle will have no 
tendency to move. ö 


2d. It seems impossible that the fluid should be at rest, it it 
is disposed in any other manner: but as this part of the de- 
monstration is exactly similar to the latter part of that of 
problem the first, it is omitted. 


Corol 1. It the two spaces AB and RH are both overcharged, 
the redundant fluid in cp is half the difference of the redundant 
fluid in those spaces, added to the quantity in as, which is 
half the sum, is equal to the whole quantity in ap. For 
a like reason, if ap and En are both undercharged, the re- 
dundant matter in Er is half the difference of the redundant 
matter in those spaces; and if ap is overcharged, and ER undere 
charged, the redundant fluid in cp exceeds half the redundant 
fluid in ap, by a quantity sufficient to saturate half the redun- 
dant matter in EH. 
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Corol 2. It was before said, that the fluid in the spaces as 
and on (when there is any fluid in sala is repelled against 
the planes aa and wh; and consequently would run ont 
through those planes, if there was any opening for it to de 
so. The force with which the fluid presses against the planes 
aa and Hå, is that with which the redundant fluid in aB is repel- 
led by that in on; that is, with which half the redundant fluid 
in both spaces is repelled by an equal quantity of fluid. There- 
fore the pressure against aa and Hh depends only on the 1 
of redundant fluid in both spaces together, and not at all on the 
thickness or distance of those spaces, or on the proportion in 
which the fluid is divided between the two spaces. If there is 
no fluid in AB and on, a particle placed on the outside of the 
spaces AD and EH, contiguous to the plains aaor nh, is attracted 
towards those plains by all the matter in aB and Gu, id est, by 
all the redundant matter in both spaces; and consequently 
endeavours to insinuate itself in the space AD or EH; and the 
force with which it does so, depends only on the quantity of 
redundant matter in both spaces together. The fluid in cp 
also presses against the plane pd, and the force with which it 
does so, is that with which the redundant fluid in op is attracted 
by the matter in EF. 


Corol 3. If ap is overcharged, and EH undercharged, and the 
redundant fluid in ap is exactly sufficient to saturate the redun- 
dant matter in EH, all the redundant fluid in Ap will be collected 
in the space cp, where it will be pressed close together: the 
space EF will be entirely deprived of fluid, the quantity of matter 
in it being just sufficient to saturate the redundant fluid in cp, 
and the spaces ac and Fu will be every where saturated. 
Moreover, if an opening is made in the planes aa or Hh, the 
fluid within the spaces aD or EH will have no tendency to run 
out at it, nor will the fluid on the outside have any tendencv to 
run in at: a particle of fluid too placed any where on the ont- 
side of both spaces, as at P, will not be at all attracted or repelled 
by those spaces, any more than if they were both saturated ; but 
a particle placed any where between those spaces, as at s, will 
be repelled from d towards e; and if a communication was 
made between the two spaces, by the canal de, the fluid would 
run out of aD into En, till they were both saturated. 


Prop. 8, prob. 4.— To determine in what manner the fluid 
will be disposed in the space Ap, supposing that all the rest of 
the universe is saturated with immoveable fluid, and that the 
electric attraction and repulsion is inversely as some other power 
of the distance than the square. I am not able, says Mr. C., to 
answer this problem accurately, except when the repulsion is 
inversely as the simple or some lower power of the distance; 
but I think we may be certain of the following circumstances. 


— 
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Case 1.—Let the repulsion be inversely as some power of 
te distance between the square and the cube, and let ap be 
owercharged. Ist. It is certain that the density of the fluid 
must be every where the same, at the same distance from the 
planes aa and nd. 2d. There can be no space, as BC, of any 
se32s1 ble breadth, in which the matter will not be overcharged. 
And, 3d. The fluid close to the planes aa and pd will be 
pressed close together. Whence he thinks, we may conclude, 
that the density of the fluid will increase gradually from the 
mid Ale of the space to the outside, where it will be pressed 
close together. Whether the matter exactly in the middle will 
be overcharged, or only saturated, he cannot tell. 


Oer Se 2. Let the repulsion be inversely as some power of the 
tarce between the square and the simple power, and let ap 
_@wercharged. There will be two spaces, AB and pc, in 

which the fluid will be pressed close together, and the quantity 
of e Jundant fluid in each of those spaces will be more than 
hal € the redundant fluid in ap; so that the space Bc, taken all 
tog St Iker, will be undercharged; but he cannot tell in what 
mara er the fluid will be disposed in that space. The demon- 
nr ati ns of these two cases are exactly similar to those of the 
t O Cases of prob. 2. 


Cez se 8. If the repulsion is inversely as the simple, or some 
het Power, of the distance, and ap is overcharged, all the 
ura? Will be collected in the spaces An and cp, and nc will be 
— deprived of fluid. If Ap contains just fluid enough to 
fue te it, and the repulsion is inversely as the distance, the 
<2 will remain in equilibrio, in whatever manner it is disposed ; 
i eld its density is every where the same, at the same dis- 
n from the planes aa and pd, but if the repulsion is 
be “=F Sely as some less power than the simple one, the fluid will 
whe Ara equilibrio, whether it is either spread uniformly, or 
bet emer it is all collected in tkat plane which is in the middle 
iB Den aa and pd, or whether it is all collected in the spaces 
na Rrad cp; but not, he believes, if it is disposed in any other 
Amer. The demonstration depends on this circumstance ; 
spa ly, that if the repulsion is inversely as the distance, two 
or Ces, 4B and cp, repel a particle, placed either between them, 
mat the outside of them, with the same force as if all the 
Er of those spaces was collected in the middle plane 
wha Den them. It is needless mentioning the three cases in 
plac? AD is undercharged, as the reader will easily supply the 
e 


rough the four foregoing problems do not immediately 
inse to explain the phenomena of electricity, Mr. C. chose to 
atte them; partly because they seem worthy engaging our 
tow, a tion in themselves; and partly because they serve, in 

© measure, to confirm the truth of some of the following 


a 
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propositions, in which he was obliged to make use of a leas 
accurate kind of reasoning. ; 

In the following propositions, Mr. C. always supposes the 
bodies he speaks of to consist of solid matter, confned to the 
same spot, so as not to be able to alter its shape or situation by 
the attraction or repulsion of other bodies on it: he also sup- 
poses the electric fluid in these bodies to be moveable, but 
unuble to escape, unless when otherwise expressed. As for the 
matter in all the rest of the universe, he supposes it to be 
saturated with immoveable fluid. He also supposes the electric 
attraction and repulsion to be inversely as any power of the 
distance less than the cube, except when otherwise expressed. 

By a canal, he means a slender thread of matter, of such 
kind that the electric fluid shall be able to move readily along 
it, but shall not be able to escape from it, except at the ends, 
where it communicates with other bodies. Thus, when he 
says that two bodies communicate with each other by a canal, 
he means that the fluid shall be able to pass readily from one 
body to the other by that canal. 

Prop. 9. If any body, at a distance from any over or under- 
charged body, be overcharged, the fluid within it will be 
lodged in greater quantity near the surface of the body than 
near the centre. For, if you suppose it to be spread uniform] 
all over the body, a particle of fluid in it, near the surface, will 
be repelled towards the surface by a greater quantity of fluid 
than that by which it is repelled from it; consequently the 
fluid will flow towards the surface, and make it denser there: 
moreover, the particles of fluid close to the surface will be 
pressed close together ; for otherwise, a particle placed so near 
it, that the quantity of redundant fluid between it and the 
surface should be very small, would move towards it; as the 
small quantity of redundant fluid between it and the surface 
vous be unable to balance the repulsion of that on the other 
side. 

From the four foregoing problems it seems likely, that if 
the electric attraction or repulsion is inversely as the square 
of the distance, almost all the redundant fluid in the body 
will be lodged close to the surface, and there pressed close 
together, and the rest of the body will be saturated. If the 
repulsion is inversely as some power of the distance between 
the square and the cube, it is likely that all parts of the body 
will be overcharged, and if it is inversely as some Jess power 
than the square, it is likely that all parts of the body, except 
those near the surface will be undercharged. 

Corol. For the same reason, if the body is undercharged, 
the deficiency of fluid will be greater near the surface than near 
the centre, and the matter near the surface will be entirely 
deprived of fluid. It is likely too, if the repulsion is inversely 
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a8 oe higher power of the distance than the square, that all 
perta of the body will be undercharged: if it is inversely as the 
syts Are, that ali parts, except near the surface will be saturated, 
madi ii it is inversely as some less power than the square, that all 
parte, except near the surface, will be overcharged. 


P. p. 10. Let the bodies a and p (fig. 5), communicate with 
each: other, by the canal Er; and let one of them, as p, be over- 
Charged; the other body a will be so also. For as the fluid in 
the canal is repelled by the redundant fluid in p, it is plain, that 
unless as was overcharged, so as to balance that repulsion, the 
fid would run out of D into A. In like manner, if one is under- 
har gred, the other must be so too. 


11. Let the body A (fig. 6) be either saturated or over 
or u ; and let the fluid within it be in equilibrio. 
Let no the body n, placed near it, be rendered overcharged, 
thee finid within it being supposed immoveable, and disposed in 
meh manner, that no part of it shall be undercharged ; the fluid 
m æ Will no longer be in equilibrio, but willfbe repelled from B; 
therefore the fluid will flow from those parts of a which are 
ner ert to B, to those which are more distant from it; and con- 
qra ently the part adjacent to MN (that part of the surface of a 
hese 1h is turned towards s) will be made to contain less electiic 

A than it did before, and that adjacent to the opposite surface 
RS ill contain more than before. 


ur must be observed, that when a sufficient quantity of fluid 
ira flowed from ux towards ns, the repulsion whichſthe fluid 
wi the part adjacent to ux exerts on the rest of the fluid in a 
RAR Be so much weakened, and the repulsion of that in the 
wear ns will be so much increased, as to compensate the 
i ion of B, which will prevent any more fluid flowing from 
listed tors. The reason why he supposes the fluid in B to be 
th ‘*k®reoveable, is, that otherwise a question might arise, whether 
ara „_ “Attraction or repulsion of the body a, might not cause such 
@ Rteration in the disposition of the fluid in B, as to cause 
ao = parts of it to be undercharged ; which might make it 
is ful, whether a did on the whole repel the fluid in a. It 
<wident however, that this proposition would hold good, 
— gh some parts of B were undercharged, provided it did on 
= -whole repel the fluid in a. 


ch, orol. If n had been made undercharged, instead of over- 


geld, it is plain that some fluid would have flowed from the 
er part rs to the nearer part MN, instead of from MN to Ra. 


op. 12. Let us now suppose that the body a communicates 
— The canal zr, with another body v, placed on the contrary 
© of it from B, as in fig. 5; and let these two bodies be either 
‘arated, or over or undercharged ; and let the fluid within 
be in equilibrio. Let now the body B be overcharged: it 
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is plain that some fluid will be driven from the nearer part ux 
to the farther rs, as in the former proposition ; and also 
some fluid will be driven from rs, through the canal, to the 
body D; so that the quantity of fluid in p will thus be 
increased, and the quantity in a, taking the whole body toge- 
ther, will be diminished, the quantity in the part near ux will 
also be diminished: but whether the quantity in the part near 
us will be diminished or not, does not appear for certain; but 
Mr. C. imagines it would be not much altered. 


Corol. In like manner, if B is made undercharged, some fluid 
will flow from D to 4, and also from that part of a near ns, to 
the part near MN. 


Prop. 18. Suppose now that the bodies a and p communicate 
by the bent canal mpNnnpm (fig. 7), instead of the straight one 
EF: let the bodies be either saturated or over or undercharged, 
as before; and let the fluid be at rest; then if the body B is 
made overcharged, some fluid will still run out of a into p; 
provided the repulsion of B on the fluid in the canal is not 
too great. | | 

The repulsion of B on the fluid in the canal, will at first drive 
some fluid out of the leg um into a, and out of NPpn into D, 
till the quantityof fluidin that part of the canal which is nearest to 
B is so much diminished and its repulsion on the rest of the fluid 
in the canal is so much diminished also, as to compensate the repul- 
sion of B: but as the leg vpn is longer than the other, the repul- 
sion of B on the fluid init will be greater; consequently some fluid 
will run out of a into D, on the same principle that water is 
drawn out of a vessel through a syphon: but if the repulsion of 
B on the fluid in the canal is so great, us to drive all the fluid 
out of the space orhp, so that the fluid in the leg Mapm does 
not join to that in Napr; then it is plain that no fluid can run 
out of a into p; any more than water will run out of a vessel 
through a syphon, if the height of the bend of the syphon 
above the water in the vessel, is greater than that to which 
water will rise in vacuo. 


Corol, If B is made undercharged, some fluid will run out 
of v into A; and that though the attraction of B on the fluid in 
the canal is ever so great. 


Prop. 14. Let anc, fig. 8, be a body overcharged with im- 
moveable fluid, uniformly spread; let the bodies near asc on 
the outside be saturated wich immovable fluid; and let p be a 
body inclosed within asc, and communicating by the canal pe 
with other distant bodies saturated with fluid ; and let the fluid 
in D and the canal and those bodies be moveable ; then will the 
body D be rendered undercharged. 

For let us first suppose that p and the canal are saturated, 
and that p is nearer to B than to the opposite part of the body 
C; then will all the fluid in the canal be repelled from c by the 
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oe but if v is 5 take 
© port r, su at a particle placed there w be repelled 
frowa c with as much force, as A at D is repelled towards c; 
the fluid in pr, taking the whole together, will be repelled 
with as much force one way as the other, and the fluid in ro 
is all of it repelled from c: therefore in both cases the fluid in 
the canal, taking the whole together, is repelled from c; con- 
qG u ently some fluid will run out of D and the canal, till the 

ion of the unsaturated matter there is sufficient to balance 
the repulsion of the redundant fluid in asc. 


sop. 15. If we now suppose that the fluid on the outside of 
ABC is moveable; the matter adjacent to asc on the outside 
Will become undercharged. Mr. C. sees no reason however to 
irak that that will prevent the body D from being under- 
zed; but he cannot say exactly what effect it will have, 
Sept when asc is pheri, and the repulsion is inversely as 
the uare of the distance; in this case it appears, by prob. 1, 
at the fluid in the part pp of the canal will be repelled from 
Dith just as much force as in the last proposition: but the 
faid in the part Be will not be repelled at all: consequently p 
De undercharged, but not so much as in the last proposition. 


. “orl. If asc is now supposed to be undercharged, it is cer- 
Xa that p will be overcharged, provided the matter near aBc 
xa the outside is saturated with immoveable fluid; and there is 
reason to think that it will be so, though the fluid in that 
matter is moveable. | ; 


= 16. Let aers, (fig. 9), be a lon lindrie body, and v 
— 2 ndercharged body ea ie the 9 of duid zern be 
— that the part near EF shall be saturated. It appears, from 
. t has been said before, that the part near aB will be over- 
har, ; and moreover there will be a certain space, as aabs, 
e iring to the plane as, in which the fluid will be pressed 
p “Se together ; and the fluid in that space will press against the 
elare AB, and will endeavour to escape from it; and, by prop. 
— De two bodies will attract each other: then the force with 
Hi the fluid presses against the plane AB, is very nearly the 
ane with which the two bodies attract each other in the 
ction £A ; provided that no part of aEFs is undercharged. 


ia Suppose so much of the fluid in each part of the cylinder, as 
Sufficient to saturate the matter in that part, to become solid; 
1 remainder, or the redundant fluid remaining fluid as before. 
this case the pressure against the plane AB must be exactly 
— to that with which the two bodies attract each other, in 
direction RA: for the force with which p attracts that part 
8 the fluid which we supposed to become solid, is exactly equal- 
that with which it repels the matter in the cylinder ; and the 
undant fluid in xabr is at liberty to move, if it had any ten- 
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dency to do so, without moving the cylinder ; so thet the only 
thing which has any tendency to impel the cylinder in the direc- 
tion EA, is the pressure of the redundant fluid in aabs against 
AB ; and as the part near EF is saturated, there is no redundant 
fluid to press against the plane kr, and thus to counteract the 
pressure against as. Suppose now all the electric fluid in the 
cylinder to become fluid ; the force with which the two bodies 
attract each other, will remain exactly the same; and the only 


(To be concluded in next number, with a plate). 


BRITISH ASSOCIATION PROCEEDINGS 
AT GLASGOW, 1840. 


On the Principles of Electro-Magnetical Machines. Br Pao- 
FESSOR Jacosi, of St. Petersburgh. 


I have the honour to present to the British Association an 
historical sketch of the laws which regulate the action of electro- 
magnetic machines, laws which will enable us to determine in a 
precise manner the important question, of the application of this 
remarkable force as a moving power. Since the commence- 
ment of my labours, which had partly a purely practical ten- 
dency, I proposed to myself to ah up as much as possible the 
blank which still remained in our knowledge of electro-mag- 
netism. With the assistance of M. Lenz, I prosecuted those 
labours, which were the more arduous as they had but few 
precedents in the direction which I considered it necessary to 
follow, and we began to examine carefully the laws of electro- 
magnets. The report, which contains the results of our 
researches, was read in June 1838, before the Academy of 
Sciences at St. Petersburgh. I take the liberty of repeating 
here very briefly, the contents of this first report. The problem 
which we sought to determine may be stated as follows: Ifa 
nucleus of malleable iron and a voltaic battery of a certain sur- 
face is given, into what number of elements should this surface 
be divided? what should be the thickness of the wire of the 
helix which surrounds the nucleus? and, lastly, what number 
of turns should this helix have, in order to produce the greatest 
amount of magnetism? I will not dilate here upon the manner 
in which we have proceeded, or upon the degree of certainty 
which belongs to the laws established according to our observa- 
tions. I take the liberty of appending to this statement the 
report in question, and will proceed to explain the particular 
laws: Ist. The amount of magnetism engendered in malleable 

iron by galvanic currents, is in proportion to the force of those 
currents. 2ndly. The thickness of the wire twisted into a helix, 


`~ 


British Association Proceedings. 153 


aid surrounding a rod of iron, is absolutely of no consequence, 
provided that the helix have the same number of turns, and the 
cearrent be of the same force.* This law extends also to the case 
iz which ribbons of copper are employed instead of wire. 
Nevertheless I must notice, that in order to obtain a current of 
equal force, it is necessary to employ a voltaic apparatus of 
greater force, if small wires which offer a greater resistance are 
em ployed. 3rdly. If the current remain the same, the influence 
Which the diameter of the helix exercises may be neglected in 
the mnajority of practical cases. 4thly. The total action of the 
electro-magnetic helix upon the red of iron, is equal to the sum 
of -the effects produced by each coil separately. Adopting these 

ws, and submitting them to calculation according to the for- 
mula of M. Ohm, the importance of which formula has but 
htely begun to be appreciated by some British philosophers, we 
hawe established the formula which contains all the particular 
COUCH i tions required to obtain the maximum amount of magnet- 
Yes -which may be expressed in the following extremely simple 
Mee Farner, viz. the maximum of magnetism is always obtained when 
the £ Oial resistance of the conducting wire, which forms the helix, 
# €E zeal to the total resistance of ihe pile. , On referring to the 
rewxazawkable law of the definite action of the galvanic current, 
Sta kslished by Mr. Faraday, it is found that the magmetism of 
vhe 11 Sable iron divided by the consumption of zinc,—a quantity 
aa 2h we have called economic effect, is with reference to the 
ke axwnum of this magnetism, a constant, or an expression into 
de ACH neither the thickness of the wire nor the number of the 
is nts into which the total given surface cf the battery is 

A ed enters, but only the total thickness of the envelope. 


th =xving finished these first researches, and having obtained 
ina e results, which were highly satisfactory, not only for their 
tera E> licity, but also for their practical value, we set about ex- 
he ting our inquiries to iron rods of different dimensions. Is 
a 8 it may be asked, any specific effect produced by the length 
sol H ickness of the nucleus? or does the degree of magnetism 
» 3 depend upon the construction of the helix, and the force 

current? The solution of this new problem presents a 
Ter difficulty than the problem which we had succeeded in 

di ff letely solving. Now, we are obliged to take iron rods of 
di ge rent dimensions, and, consequently, in all probability of 
ace- Tent qualities. Similar conditions with reference to the 
Dr An of the electro-magnetic helices are like wise difficult to 
dern; and we soon perceived that these eircumstances ren- 
vh Sd it impossible to attain so close an accordance, as that 
the lh we had obtained in our former observations. Although 
ye ~~ experiments were made two years ago, the results have not 
We Deen published, because, being occupied with other labours, 
ve not been able to find the necesssary time for their re- 


* This inference is at variance with experiment.—Eprr. 
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duction and arrangement, and for the requisite calculations- 
Nevertheless I take the liberty of presenting to the Section some 
results, which are not devoid of interest, and which are inti- 
mately connected with the question of electro-magnetic ma- 
chines. We submitted nine cylinders of malleable iron, each 
eight inches in length, and of different diameters, from three 
inches down to one-third of an inch, to the action of a voltaic 
current of the same force in each case, and we obtained the 
amount of magnetic force represented in the following table. 


Diameter Magnetism Magnetism 
of the rods. observed. i calculated. 
8 ` 447 442 
2 378 876 
2 308 810 
12 246 244 
1 175 178 
56th 158 156 
4 142 135 
i 112 113 

87 91 


This ca.culation has been made according to the formula 
m= 131.75d4-46.75,it which the constants have been obtained 
by the method of the least squares. The differences between 
calculation and observation, are not so large that they cannot 
be attributed to the inevitable errors of observation, and to 
circumstances inherent in the qualities of iron, &c. A similar 
agreement is found between other observations, which we shall 
describe in the report itself. I think, therefore, we may admit 
the following law, namely, that the amount of magnetism 
received by different iron rods of the same length, and submitted 
to the influence of a current of the same force, is proportional to 
the diameter of the rods. I must remark, that the constant 
which, we have added in the formula depends upon the mag- 
netic influence which the helix exercises, independently of the 
nucleus of iron which it incloses. The practical consequences 
which may be deduced from this remarkable law are of consi- 
derable importance. Among these, however, I will at present 
mention only the following. Having found that the amount of 
magnetism is proportional to the surface of the malleable iron, 
and taking into account the quantity of iron employed in the 
electro-magnets, it is ascertained that it is more advantageous 
to employ in the construction of electro-magnetic machines, 
rods of small instead of large dimensions ; or rather hollow iron, 
in accordance with my own experiments of 1837, which are 
found in Taylor's Scientific Memoirs,” vol. ii. &c. I cannot 
pass over in silence the experiments of Prof. Barlow, who, as is 
well known, proved a long time before that the induction of 
the terrestrial magnetism upon malleable iron, depends only 
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upon the surfaces, and is almost independent of the thickness. 
lra Order to ascertain the law of electro-magnets of different 
lengths, M. Lenz and I undertook numerous and laborious 
observations, which were extended even to rods of thirteen feet 
ima length, and keeping in view at the same time the determi- 
nation of the particular distribution of magnetism in the rods. 
A wong these observations I shall only refer to such as seem 
MOst applicable to electro-magnetic machines, and which have 
yielded results as simple as unexpected. The following table 
COM ta ins the results of some observations made with rods of the 
Arne diameter, but of different lengths, covered with electro- 
Mzn ctic helices, and influenced by a current of the same force. 
MI lye ing the magnetism of the extremities, and n the number 
M 
of the coils of the helix, we have — = z, a formula according 
n 
to lich we may calculate the numbers contained in the third 
C®£ta mann. The numbers in the fourth column are deduced from 
4 Seri es of other observations, made with the same helix of 960 
ta rras, which did not cover the whole length of the rods, but 
Sr collected at the extremities only, where they occupied a 
SS of about two inches in length. The helices being the 
a in all the observations, it was only necessary to divide the 
nes o> wnetism of the extremities by 960, in order to find the 
a bers of this column. 


2 250 of Experiments upon the Magnetic Forces of Rods of 
different lengths. 


Le | | Mean Value of One | Mean Valo of One 
rh of the Number of | Coil, ifthe Helix | Coil, if the Helix 


Roads in ft. Coils. occupies the whole | occupies only the 

length. extremities. 

3 946 7,334 7,560 

2˙.5 789 6,993 7,204 

2 634 7,402 6,871 

1.5 474 7,880 7,491 

1 313 7,847 7,573 

0.5 163 7,766 7,691 
75537 7,408 


r rom these numbers, it will be seen that the influence of one 
th aL of the helix is nearly the same for all the rods, and that 
im, r length does not exercise any specific influence. It is only 
th roportion to the number of the turns or revolutions, and to 
1 =. force of the current, that the rods can acquire a greater or 

S amount of magnetism. The small rods even appear to 
Love a slight advantage over large rods, since it has been found 

©xperiments that the actual force of rods of three feet, bears 
that of rods of half a foot the ratio of seventy-three to 
Wenty-seven. It is also found, that there is a gain of seventy- 


to 
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five to seventy-four when the whole length of the rods is 
covered, instead of simply collecting the same number of coils 
around the extremities. The differences between the observa- 
tions and the simple laws are, as will be judged, quite inconsi- 
derable for practical purposes, and will, in time, I hope, 
entirely disappear by a complete integration embracing the 
whole length of the rods, and founded upon the effect of an 
elementary part of the current. I will now hasten on to the 
immediate object of my present address. In March 1839, M. 
Lenz and I presented to the Academy of Sciences at St. Peters- 
burgh, a report, which I shall present to the association. It 
contains the result of the experiments by which we have been 
enabled to establish the remarkable law, that the attraction of 
the electro-magnets is proportional to the square of the force of 
the galvanic current, to the influence of which the rods of iron are 
submitted. This law is of the highest practical importance, as 
it serves for the basis of the whole theory of electro-magnetic 
machines. 


Before proceeding, I may be permitted to make some remarks _ 
concerning an instrument which I laid before the Academy of 
Sciences, in the commencement of this year. It is destined to 
regulate the galvanic current, and is of value in many investiga- 
tions of this kind. During my sojourn in London, Professor 
Wheatstone has shown me an instrument, founded on exactly 
the same principles as mine, and with very inconsiderable modi- 
fications and differences. Now, it is quite impossible that he 
should have had the least notice of my instrument; but as it is 
probable that its use may be greatly extended, I must add, that 
while J have only used this instrument for regulating the force 
of the currents, he has founded upon it a new method of mea- 
suring these currents, and of determining the different elements 
or constants, which enter into the analytical expressions, and on 
which depends the action of any galvanic combination. It is 
principally to the measure of the electro-motive force, by those 
means, that Mr. Wheatstone has directed his attention; and he 
has shown me, in his unpublished papers, very valuable results 
which he has obtained by this method. 


While these purely theoretical researches were in progress, I 
did not fail, myself, to enter directly upon the question of the 
practical application of electro-magnetism. Unfortunately, I 
cannot here give the details either of the experiments which I 
have made upon a very large scale, or of the machines and 
apparatus of various kinds which I have constructed. The 
necessity of multiplying the facts or tangible results—a_neces- 
sity the more urgent, because the practical applications of this 
force increased so very rapidly—this necessity, I say, has not 
allowed me time or leisure to digest and arrange them. I can 
only here express my readiness to afford any explanation of the 
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details which may be desired. I will, however, particularly 
notice the satisfactory results of the experiments made last year 
with a boat of twenty-eight feet in length and seven and a half 
feet in width, drawing 21 feet of water, and carrying fourteen 
individuals, which was propelled upon the Neva at the rate of 
about three English miles in the hour. The machine, which 
occupied very little space, was set in motion by a battery of 
sixty-four pairs of platina plates, each having thirty-six square 
inches of surface, and charged according tothe plan of Mr. 
Grove, with nitric and diluted sulphuric acid. Although these 
result may perhaps not satisfy the exaggerated expectations 
of some persons, it is to be remembered, that in the first year, 
namely, in 1838, this boat being put in motion by the same 
machine, and employing 320 pairs of plates, each ot thirty-six 
square inches, and charged with sulphate of copper, only half 
this velocity was obtained. This enormous battery occupied 
considerable space, and the manipulation and the management 
of it was very troublesome. The judicious changes made in the 
distribution of the rods, in the construction of the commutator, 
and lastly, in the principles of the voltaic battery, have led to 
the successful result of the following year, 1839. We have 
gone thus on the Neva more than once, and during the whole 
day, partly with and partly against the stream, with a party of 
twelve or fourteen persons, and with a velocity not much less 
than that of the first invented steam-boat. I believe that more 
cannot be expected from a mechanical force, whose existence 
has only been known since 1834, when I made the first experi- 
ment at Königsberg, in Prussia, and only succeeded in lifting a 
weight of about twenty ounces, by even this electro-magnetic 
power. 


I must, on the present occasion, confess frankly and without 
reserve, that hitherto the construction of electro-magnetic 
machines has been regulated in a great measure by mere trials ; 
that even the machines constructed according to the indisputable 
laws established with regard to-the statical effects of electro- 
magnets, have been found inefficient, as soon as we came to deal 
with motion. Being always accustomed to proceed in a legiti- 
mate manner, and feeling great regret at the irregular attempts 
which were being made everywhere, without any scientific 
foundation, this state of things appeared to me so unsatisfactory, 
that T could not but direct all my efforts to ascertain clearly 
the laws of these remarkable machines. I submit the formule 
relative to these laws, which appear to me to recommend them- 
selves as much by their simplicity as by the natural manner in 
which they develope themselves. Let R represent all the me- 
chanical resistances acting upon the machine, and v, the uniform 
velocity with which it moves: we have for the power or me- 

Several Electro-magnotic Engines were made before 1834,—Epit. 
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chanical effect, the expression T = R v. Let n be the number 
of the coils of the helix which covers the rods; z, the number 
of the plates of the battery ; B, the total resistance of the gal- 
vanic circuit; E, the electro-motive force; k, a coefficient, 
which depends on the arrangement of the bars, the distance of 
the poles, and the quality of the iron; we have then for the 
maximum of the mechanical effect which will be obtained, the 
expression— 
22 E? 
I. Tm —- 4 Bk 


For the velocity, which corresponds to this maximum, 
l B 


II. v= 757 


For the resistance acting upon the machine, 
Lastly, for the economic effect, i e. the duty or the mechanical 
effect divided by the consumption of zinc in a given time,— 

E 


IV. o = sr 


These formule may be expressed in the terms :— 

Ist, The maximum of mechanical effect which may be ob- 
tained from a machine, is proportional to the square of the 
number of voltaic elements, multiplied by the square of the 
electro-motive force, and divided by the total resistance of the 
voltaic circuit. There enters, moreover, into the formula, a 
factor, which I have designated k, and which depends upon the 
quality of the iron, the form and disposition of the rods, and 
the distance between their extremities. The result is, that with 
reference to some other investigations, which I have made of 
voltaic combinations, and under similar conditions, the use of 
platinum and zinc, the resistance being the same, will produce an 
effect two or three times greater than the use of copper, zinc. 


2nd, Neither the number ofthe coils of the helix which covers 
the rods, nor the diameter or the length of the rods themselves, 
has any influence upon the maximum of the power. It results, 
therefore, that neither by adding to the length or diameter of 
the rods, nor by employing a greater quantity of wire, can the 
power be increased. There is, however, this remarkable fact, 
that the number ot coils disappears from the formula, simply 
because the force of the machine is in a direct ratio, and the 
velocity is in an inverse ratio, to the square of this number. It 
is thus that the number of coils, the dimensions of the rods, 
and the other constituent parts of an electro-magnetic machine, 
should be considered simply as occupying the range of the 
ordinary mechanisms which serve for the transmission or trans- 
formation of the velocity, without increasing the available 
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power. So it would be possible to use, instead of the ordinary 
wheelwork, rods of greater or less length, or a greater or less 
quantity of wire, in order to establish between the force and 
the velocity, the relation which the applications to manufacturing 
processes may require. 


3rd, The mean attraction of the magnetic rods, or the pres- 
sure which the machine can exert, is proportional to the square 
of the current. This pressure is indicated by the galvanometer, 
which in this manner performs the function of the manometer 
of steam engines. 


4th, the economic effect, i, e. the duty or the available power, 
divided by the consumption of zinc, is a constant quantity, 
which is expressed most simply by the relation between the 
electro-motive force and the factor k, which has been previously 
noticed. J may here repeat, what I stated elsewhere, that by 
employing platinum instead of copper, the theoretical expenses 
may be reduced in the proportion of nearly 23 to 14. 


5th, The consumption of zinc, which takes place while the 
machine is at rest, and does no work at all, is double that 
which takes place, while it is producing the maximum of 
power. 


I consider that there will not be much difficulty in determin- 
ing with sufficient precision the duty of one pound of zinc, by 
its transformation into the sulphate, in the same manner that 
in the steam-engine, the duty of one bushel of coal serves as 
a measure to estimate the effect of different combinations. 
The future use and application of electro-magnetic machines 
appears to me quite certain, especially as the mere trials 
and vague ideas which have hitherto prevailed in the con- 
struction of these machines, have now at length yielded to the 
precise and definite laws which are conformable to the general 
laws which nature is accustomed to observe with strictness, when- 
ever the question of effects and their causes arises. In viewing 
on the one hand a chemical effect, and on the other a mecha- 
nical effect, the intermediate term scarcely presents itself at 
first. In the present case, it is magneto-electricity, the ad- 
mirable discovery of Faraday, which we should consider as the 
regulating power, or, as it may be styled, the logic of electro- 
magnetic machines. 
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Report of the committee, (Sir J. Herschel, Mr. Whewell, 
Mr. Peacock, and Prof. Lloyd,) appointed to draw up plans of 
scientific co-operation relating to the subject of Terrestrial 
Magnetism. 


In consequence of the measures adopted, as detailed in the 
last report of the committee (Ath. No. 620), a very extensive 
system of magnetical corresponding observations has been 
organized, embracing between thirty and forty stations in 
various and remote parts of the globe, provided with mag- 
netometers and every requisite instrument, and with observers 
carefully selected, and competent to carry out, at most, if not 
all the stations, a complete series of two-hourly observations, 
day and night, during the whole period of their remaining in 
activity, together with monthly term observations, at intervals 
of two minutes and a half. Of these observatories, that at 
Dublin, placed under the immediate superintendence of Pro- 
fessor Lloyd, has been equipped and provided for by the 
praiseworthy liberality and public spirit of the University of 
that metropolis—those at Toronto, the Cape, St. Helena, and 
Van Diemen’s Land, as also the two itinerant observatories of 
the Antarctic Expedition, by the British government—those of 
Madras, Simla, Sincapore, and Aden, by the Hon. East India 
Company ;—to which are to be added ten stations in European 
and Asiatic Russia, and one at Pekin, established by Russia— 
two by Austria, at Pragne and Milan—two by the Universities 
of Philadelphia and Cambridge, in the United States—one by 
the French government, at Algiers—one by the Prussian, at 
Breslau—one by the Bavarian, at Munich—one by the Spanish, 
at Cadiz—one by the Belgian, at Brussels—one by the Pasha 
of Egypt, at Cairo—and one by the Rajah of Travancore, at 
Trevandrum, in India. In addition to this list, it has recently 
also been determined (at the instance of the Royal Society) by 
the British government to provide for the performance of a 
series of corresponding observations, both magnetic and me- 
teorological, at the Royal Observatory at Greenwich, under the 
able superintendence of the Astronomer Royal. .At Hammer- 
fest, also, in Norway, negotiations have been for somegime 
carrying on for establishing an observatory of a similar descrip- 
tion, in which M. Hansteen has taken an especial interest. A 
great number of magnetic and other instruments available for 
this service, it appears, have been left at Kaafiord by M. Gay- 
mard, acting for the “Commission Scientifique du Nord,” 
under the directions of the French Ministry of the Marine—all 
which ‘instruments, through the efficient intervention of M. 
Arago, it is understood, will be placed at the disposal of the 
observer or observers who may be appointed to conduct the 
observations. To complete the establishment, however, certain 
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instruments, as well as registry-books, &c. are still requisite. 
The council of the Royal Society have undertaken to supply 
these from the Wollaston Donation Fund.—As regards the 
magnetic observatory at Breslau, under the direction of M. 
Boguslawski, your committee have to report, that in order to 
secure the establishment of that station, and to place it on an 
equal footing with the rest, certain instruments, &c. required 
to be provided, for which no funds existed or could be made 
available on the spot, viz.—a bifilar and a vertical-force mag- 
netometer, with the requisite reading telescopes, and a set of 
registry-books.—As, owing to the actual circumstances of that 
observatory, there appeared no prospect of these requisites 
being otherwise supplied—as the station appeared to your Com- 
mittee a desirable one, and as M. Boguslawski was willing and 
desirous to lend his aid to this great combined operation. by 
taking on himself the laborious ea of conducting the obser- 
vations, your Committee conceived, that although possibly 
transgressing, in some degree, the strict wording of their 
powers, they were only acting up to their spirit in devoting a 
portion (£185.) of the funds placed at their disposal to supply- 
ing them, at the expense of the Association. Unwilling to 
claim any privilege or establish any precedent for the smallest 
deviation from the strict literal interpretation of a money grant, 
your Committee suggest to the meeting the propriety of ratify- 
ing, by an express act of recognition, their application of the 
above mentioned sum. A letter from M. Boguslawski, dated 
the 22nd of July, 1840, announces the safe arrival of the in- 
straments and books in question, and the consequent complete 
state of instrumental equipment of the Breslau observatory, ex- 
pressing, at the same time, his sincere thanks for the assistance 
accorded him.—By returns from the several stations authorized 
by the British government, so far as yet received, it appears, 
that the Observatories at the Cape and St. Helena might be 
expected to be complete and ready for the reception of the 
instruments in May. From Van Diemen’s Land, no accounts 
have yet been received. At Toronto, where the greatest delays 
and difficulties were to be expected and have been experienced, 
the observatory was so far advanced at the date of Mr. Riddell’s 
last communication, as to leave no doubt of its completion in 
time for the regular observation of the August term. Mean- 
while, in this, as at the other stations, all observations practicable 
under the actual circumstances of each are made and regularly 
forwarded ; and here your Committee would especially ‘call 
attention to the extremely remarkable phenomena exhibited at 
Toronto on the 29th and 30th of May, when, by great and 
good fortune, a most superb aurora appeared at the very time 
of the term observations—(see table of the terms, Report of 
Council of R. S., p. 38.) The phenomena of this aurora (which 
was remarkable for the extent and frequency of the pulsating 
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waves alluded to in that part of the report above cited (p. 47) 
relating to this subject are very minutely and scientifically 
described by Mr. Riddell. But what renders the occurrence 
presently interesting is the fact, that during the whole time of 
the visible appearance of this aurora on the night from the 29th 
to the 30th, as well as for some hours previous, while it might 
be presumed to be in progress, though effaced by daylight, all 
the three magneticai instruments were thrown into a state of 
continual and very extraordinary disturbance. In fact, at Gh. 
25m. in the morning of the 29th, the disturbance in the mag- 
netic declination during a single minute of time carried the 
needle over ten minutes of arc; and during the most brilliant 
part of the evening’s display (from 3h. 25m. Gött. m. t. to 4h. 
35m.,) the disturbances were such as to throw the scales of 
both the vertical and horizontal force magnetometors out of the 
field of view, and to produce a total change of declination, 
amounting to 1° 59’. It should also be remarked, that the 
greatest and most sudden disturbances were coincident with 
great bursts of the auroral streamers. The correspondence or 
want of correspondence of these deviations with the pertur- 
bations of the magnetic elements observed in Europe and 
elsewhere on the same day, cannot fail to prove of great in- 
terest. Should it fortunately have happened that Captain 
Ross has been able to observe that term at Kerguelen’s 
Land, which is not very far trom the antipodes of Toronto, an 
indication will be afforded whether or not the electric streams 
producing the aurora are to be regarded as diverging from one 
magnetic pole or region, and converging to another.—yYour 
Committee cannot conclude this report, without congratulating 
the Association and the scientific world in general on the exten- 
sive interest inspired, and the vast range of observation conse- 
quently embraced by this operation, which, so far as any ac- 
counts have hitherto reached them, appears to be going on 
prosperously in all its parts, and to promise results fully an- 
swerable to every expectation of its promoters. Neither would 
they feel justified in their own eyes, were they to omit express- 
ing their deep and grateful sense of the indefatigable personal 
exertions of Major Sabine throughout the whole of the progress, 
both in carrying ona most voluminous correspondence, in 
ordering, arranging, ond despatching instruments, and facilitat- 
ing, by constant attention and activity, those innumerable details 
which are involved in a combination so extensive -a combina- 
tion which, but for those exertions, your Committee are fully of 
opinion must have been greatly wanting in that unity of design 
and co-operation which now so eminently characterises it. 


Signed, on the part of the Committee, 
J. F. W. HERCHEL. 


Prof. Forbes remarked on one point that appeared to him 
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important. The magnetic needle was known to be in a constant 
state of motion, and it was heretofore supposed that these 
motions were exactly identical as to time all over at least the 
continent of Europe; but now it appeared, that a test of this 
having presented itself on the occasion of the unusual disturb- 
ance of the needle referred to, they were found not to be ex- 
actly synchronal. He then made some observations on the 
extraordinary auroral disturbances of the needle referred to.— 
Major Sabine read the following letter froin M. von. Boguslaw- 
ski, director of the Magnetical Observatory at Breslau, received 
since the meeting had commenced : 


Breslau, September 7th, 1840. 


My Dear Sir—I have the pleasure to inform you that 
during the last magnetic term, viz. on the 28th and 29th of 
August, I have made observations with the two magnetic instruments 
provided by the British Association. Notwithstanding the Mi- 
chaelmas term of our University has begun, I have succeeded 
in engaging and instructing a double number of observers, suffi- 
cient to place them at the declination magnetometer in the 
magnetic cabinet, as well as at the horizontal and at the vertical- 
force magnetometers in the great room of the Observatory. The 
observations hitherto made can, however, only be considered as 
observations of the magnetic variations, because there are several 
masses of iron fixed in the buildings. The prospect of obtaining 
a separate magnetic observatory being still distant, I feel myself 
highly indebted to Professor Lloyd for the assistance his paper 
“On the Mutual Action of Permanent Magnets,” &c., has afforded 
me. By these instructions, I have succeeded in effecting what at 
first seemed to be impossible, namely, to place the declination 
magnetometor, the bifilar instrument, and the vertical force magne- 
tometer, in the same room of the present magnelic cabinet, and to 
put them in equilibrium. How this is to be done by three small 
fixed subsidiary magnetic bars, I shall hereafter explain to Pro- 
fessor Lloyd, and, if he agrees with me, all these instruments will 
be placed in the magnetic cabinet at the next term. However, I 
shall use for a declinatiun magnetometer the second magnetic bar 
received with the horizontal-force magnetometer, instead of the 
present bar of four pounds, in order to obtain small correction- 
constants. I shall then expect with patience the establishment of 
a proper magnetic observatory, so as to begin to make absolute and 
daily observations. (Signed) HENRY von BOGUSLAWSEI. 


Major Edward Sabine. 


Major Sabine also presented, at the request of M. Kupffer, 
director general of the magnetical observatories of Russia, 
several copies of a report addresse:] by that gentleman to the 
Imperial Academy of Scicnces at St. Petersburgh, entitled, 
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«Sur les Observatoires magnétiques fondés par ordre des Gou- 

vernemens d'Angleterre et de Russie sur plusieurs points de la 

surface terrestre.” In this report, the Russian observatories, 

acting on the same system of observation, both magnetical and 

meteorological, as those of England, are enumerated as follows : 
Stations. Directeurs. 

St. Petersbourg M. Kupffer directeur general. 

Catherinebourg M. Roschkoff 


Barnaoul ...... M. Prange, ler Ingénieurs des mines. 
Nertchinsk ... M. Prange, 2eme 

Kazan .. . . . M. Simonoff J Directeurs des observatoires 
Nikolaieff...... M. Knorre astronomiques. 


Tiflis .......... M. Philadelphine, Professor au Gymnase. 
Siika (COEN O. } MM. Homann et Fwanoff. 
de I’An.érique.) 


Helsingfors M. Nervander, Prof. extraor. à l’Université. 


(Findland.) , Membre de la mission 
Pekin (Chine) M. Gaschkevitsch ecclésiastique. 

A la station de Pékin nous aurons, si non autant d'observations 
que des autres stations, au moins les observations les plus im- 
portantes. 


In reference to the aurora which had been seen at Toronto, 
in Upper Canada, on the 2çth of May, and to the mangetic 
perturbations by which its appearance had beem accompanied, 
the AsTRoNoMER RoyaL stated, that the term day of the 29th 
and 30th of May had also been kept at the Royal Observatory 
at Greenwich, that an aurora was seen there also on the 29th 
and that the disturbances of the declination magnetometer 
exceeded in amount any which had been observed there on 
pene occasions. Not having brought the observations with 

im, he could not state whether their comparison with the curves 
of the Toronto observatory, which Major Sabine had laid before 
the Section, would manifest an accordance between the disturb- 
ances at the two stations: a point of the highest interest as to 
the nature and extent of these perturbations. He was happy 
to inform the Section that her Majesty’s Government had sanc- 
tioned the establishment of a magnetic observatory at the Royal 
Observatory at Greenwich. He had for some time had observa- 
tions made under his superintendence, and had observed some 
remarkable auroral disturbances of the needle, when the amount 
of the deflection had, as well as he remembered, exceeded 
0°.5. The coincidences of these disturbances had not been 
exact; at Greenwich, as in America, they had been found to 
occur earlier than those in places more to the east. One thing 
in the report had a pecuiiar interest to him, now that he was 
about to have a magnetic observatory under his own direction ; 
he alluded to the mode of placing the magnets, so as to produce 
the least mutual action. The three small correcting magnets 
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he considered to be a very useful hint; these with Professor 
Lloyd's investigation, he conceived left little to be desired on 
the subject. However, he thought, after all, it would be well 
to establish tables by actual observation, showing the effect pro- 
duced on each magnet in all the positions ever assumed b 
each of the others; which might be accomplished at a small 
expence of time and trouble compared with its importance. 


Dr. Lamont gave an account of the Magnetic Observatory of 
Munich, stating that the building had been undertaken in April 
this year, and that the regular series of observations, com- 
prehending both the two-hourly daily observations and the term 
day observations, was commenced on the Ist of August. The 
magnetic observatory of Munich differs in two respects from 
other establishments of the same kind. In the first place, it is 
not a magnetical house, but a subterranean building, which is 
situated to the S.W. of the Royal Observatory, at a distance of 
about 120 feet, and connected with it by a subterranean passage. 
The depth of the magnetic observatory below the surface of 
the earth is 13 feet, thus affording the advantage of a tempera- 
ture nearly equal at all times of the year, and rendering the 
corrections applied to magnetic observations in order to reduce 
them to a fixed temperature—corrections which are in general 
subject to considerable uncertainty—if not unnecessary, at least 
suficiently small to be determined with the utmost degree of 
accuracy. In the second place, the instruments are of greater 
dimensions than those usually employed in magnetic observa- 
tories, and may be considered as sufficient in all respects for the 
most delicate investigations. The magnetic bars weigh 25ʃb. 
each; the theodolite has a circle of 21 feet diameter, and an 
achromatic tel of 34 inches aperture. It may be remarked, 
that the horizontal-force instrument differs from the bifilar mag- 
netometer, the power that holds the bar in a direction perpen- 
dicular to the magnetic meridian, being that of a spiral spring. 
Besides the instruments fixed, there are portable instruments 
for making experiments with bars of Alb, I Ib, 4lb, 1 Olb, and 25tb. 


Professor Forbes considered the plan of obtaining a uniform 
temperature excellent. The elimination of changes of temper- 
ature from the results he considered would be found highly 
desirable in other delicate observations as well as in magnetical ; 
thus, in the late attempt to repeat Cavendish’s experiments to 
determine the mean density of the earth, with all the exactness 
which the modern refinements in observing afforded, he believed 
Mr. Baily had been obliged to abandor them from the anomalies 
developed, chiefly, he believed, by changes of temperature. 


Dr. Lamont gave a general statement of the system of Me- 
teorological Observations carried on in Bavaria. The Royal 
Observatory of Munich constitutes the central establishment, 
and has the superintendence of all meteorological observations 
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made under public authority. There are meteorological ob- 
servations at Ratisbon, Augsburg, and Hohen-Peissenberg, the 
latter being situated on the summit of a mountain 3,000 feet 
above the level of the sea. Besides, meteorological observations 
are registered partly by members of the Royal Meteorological 
Society, partly by persons appointed by government, at 260 
towns and villages in Bavaria. The observations thus obtained, 
though not equally complete, some of them being registered 
only once, some twice, and but a comparatively small number 
three times a day. will be found extremely valuable for the 
purposes of meteorology. Hourly observations of the baromoter 
and thermometer have been made at the Royal Observatory of 
Munich since May 1838, by means of accurate registering in- 
struments, constructed on a new principle. Dr. Lamont, in 
mentioning this extensive system of observations, referred for 
the results and further particulars, to the annual publications 
ef the Royal Observatory of Munich, and concluded by re- 
marking that the great object of meteorology was to find the 
causes from which the changes in the atmosphere arise—to 
trace the propagation of these changes from one place to another, 
and the modifications they undergo on their way—to show what 
relation exists between the state of the atmosphere at different 
parts of the globe, and how the changes at one place depend 
upon or are connected with simultaneous or preceding changes 
at another. This, he said, can only be attained by combining 
observations made in different countries after a general and 
uniform system. In mentioning the extensive observations 
carried on in Bavaria, it was his intention to show how far a 
general system was likely to be supported in that part of Ger- 
many, and to express the hope that such a system will be 
introduced at no distant period, perhaps hy the same Associa- 
tion by whose exertions a similar system of magnetic obser- 
vations has now sosuccessfully been carried into effect. 


To the Editor of the Annals of Electricity. 
Sir, 

If you should be of opinion that the following description of 
what I conceive to be a new variety of electro-magnet, would 
be acceptable to the readers of your Scientific Journal, you 
will, by inserting it in your next publication, oblige 

Yours, very respectfully, 
RICHARD ROBERTS. 


Atlas Works, 
Manchester, January 25th, 1841. 


Towards the close of November last, whilst reflecting on the 
progress of electro-magnetism, it occurred to me that as the 
power of an clectro-magnet depends in a considerable degree 


New Variety of Electro-Maguet. 167 


on the extent of area of the face of the magnet in contact with 
the armature, provided the whole of that area be properly ex- 
cited ;—that a magnet having a series of grooves in its surface, 
into which the conducting wire shall be coiled; would, on 
being connected with a battery, be so excited. 


I therefore, as soon as convenient, made a small magnet, 
with which, on the 16th of December, you were so kind as to 
put my hypothesis to the test of experiment, when the result 
seemed to prove the correctness of the view which I had taken. 


Encouraged by the degree of success that attended my first 
experiment, I made a second magnet, of which the accompany- 
ing drawings and description will convey a tolerable correct idea. 


Reference to the figures,—fig. 2, plate 1, is a view of the face 
of the magnet: fig. 3, is a side view taken at a: fig. 4, is a side 
view taken at b: fig, 5, is a side view of the armature: 
and fig. 6, is a side view of the armature taken at right angles 
to fig. 5. 


The magnet is 2 and 7-16ths inches thick, and 6 and 5-8ths in- 
ches square, on its face, into which are planed (at equal distances 
from each eiher across its surface) four grooves, one and a 
quarter inches deep, and nearly three-eighths of an inch broad ; 
into these grooves was coiled, three-fold deep, a bundle of thirty- 
six copper-wires, No. 18's on the wire guage, wrapped with 
cotton tape, to prevent contact with the iron, as shown in figs. 
2, 8, and 4, plate 1 (the wires having no insulation from each 
other). 


The magnet, with the conducting wire, weighs 35lbs. 


The armature is one and a half inches thick, and the same 
size as the magnet on the face: its weight is 23lbs. 


The upper side of the iron which constitutes the magnet, is 
formed into an eye, or bow, shown at figs. 3 and 4, by which 
the whole is suspended. 


The eye on the back of the armature is formed in like 
manner. 

My first magnet and its armature were similar to 
those just described, except that the bow on the back of each 
was attached by four screws. The magnet was 1 and 7-16 inches 
thick, and 64 inches square on its face, into which were planed 
8 grooves one quarter of an inch broad, and seven-eighths of an 
inch deep, for the reception of the copper-conducting-wire, 
which was nearly a quarter of an inch in diameter, covered with 
cotton tape, and coiled three-fold deep. The magnet, with the 
conducting-wire, weighs 181lb. The armature is 11-16 inches 
thick, and the same size on the face as the magnet. 


The battery employed with both magnets consisted of eight 
pairs, the jars of which were of cast-iron; each side of the 
zinc, of each jar, presenting an area of about 50 square inches. 
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The load sustained by the small magnet in the experiment 
made on the 16th December, was 8451ʃb., in a few days after, 
the experiment was repeated with a better insulated conductor, 
when the magnet sustained 901 lb.“ 

The load sustained by the second magnet in the experiment 
made on the 14th of this month, was 2950lb., which I under- 
stand is more than has been sustained by any magnet on record, 
although to some of them the batteries were very powerful. 

From these experiments it may be inferred that a magnet on 
the same principle, five feet square, and proportionately thick, 
would probably sustain one hundred tons. 


Prize Volumes of the Annals of Electricity Fc. 


In order to stimulate and promote experimental inquiry, in 
the various departments of Electricity and Magnetism, the 
Editor proposes to offer prize volumes of the Annals, to those 
experimenters who may be most successful in the following 
subjects :— 

Ist. For a description of the most powerful, soft iron, or 
Electro-magnet, in proportion to the weight of the iron em- 
ployed in its structure; which is not to be less than 10łb. The 
voltaic battery employed will be at the option of the experi- 
menter; and is to be described by him, with the manner of 
using it in the experiments with the soft iron magnet. 

2nd. For the invention of an electrical- machine, more power- 
ful, in proportion to size, than the usual plate or cylindrical 
form. A full description of the apparatus, with a suitable 
drawing, will be required. ‘ 

3rd. For an account of the most extensive and best conducted 
experiments of the electricity of the steam of boilers of high or 
low pressure engines; with all the particulars respecting the 
character of the water employed in each boiler ; and such other 
particulars as may appear interesting. 

4 For the best mode of procuring Electro-type Plates, dif- 
ferent from those published. 

5 For the best paper on any branch of experimental research 
in Electricity or in Magnetism. 

The prize for each of the above subjects will be Volume VI., 
of the “ Annals of Electricity, Magnetism and Chemistry, &c.” 
bound, and gold lettered in the first-rate style, with a suitable 
emblem and motto. To be presented to the successful candi- 
dates, or their agents, (in London, if required,) on the first day 
of August, 1841. 

The communications on the above subjects are to be addressed 
to Mr. William Sturgeon, Royal Victoria Gallery of Practical 
Science, Manchester, on or before the 1st day of May, 1841. 


»The conductor, in both these experiments, was a copper rod of a proper 
diameter to fill the grooves in the magnet. With a bundle of wires for the 
conduotor, and a larger battery, the magnet now carries 2657!6s.—Epirt. 
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An attempt to explain some of the Principal Phenomena of 
Electricity, by Means of an Elastic fluid. By the Hon. 
Henry Cavenpisn, F. R. S. 


(Continued from page 152.) 


alteration in the pressure against aB, will be, that that part of 
the fluid in aabs, which we at first supposed solid and unable 
to press against the plane, will now be at. liberty to press 
against it; but as the density of the fluid, when its particles 
are pressed close together, may be supposed many times 
greater than when it is no denser than sufficient to saturate the 
matter in the cylinder, and consequently the quantity of re- 
dundant fluid in AabB many times greater than that which is 
uired to saturate the matter in it, it follows that the pressure 
against aB will be very little more than on the first supposition. 
N.B. If any part of the cylinder is undercharged, the pres- 
sure against aB is greater than the force with which the bodies 
attract. If the electric repulsion is inversely as the square or 
some higher power of the distance, it seems very unlikely that 
any of the cylinder should be undercharged: but if the 
repulsion is inversely as some lower power than the square, it is 
not improbable but some part of the cylinder may be under- 
charged. 
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Lemma 7. Let An, fig. 10, represent an infinitely thin flat 
‘circular plate, seen edgeways, so as to appear to the eye as a 
straight line ; let c be the centre of the circle ; and let pc, pass- 
ing through c, be perpendicular to the plane of the plate ; and 
let the plate be of uniform thickness, and consist of uniform 
matter, whose particles repel with a force inversely as the n 
power of the distance; n being greater than 1, and less than 3: 
the repulsion of the plate on a particle at D, is proportional to 

DC DC 
pDc*—1 54 i provided the thickness of the plate and size of 


the particle p is given. 

For if ca is supposed to flow, the corresponding fluxion of the 
quantity of matter in the plate, is proportional toca X c'a; 
and the corresponding fluxion of the repulsion of the plate on 

CA X C'A 
the particle n, in the direction Dc, is proportional to pan 


DC pA X DC 


5 a ; for p'a is to C'A :: CA: DA; the varia- 
F : 


— DC 
ble part of the fluent of which is p I x pa”: whence the 


repulsion of the plate on the particle D, is proportional to 
—__ DC DC — _ _Be 
n — l x pI „ — 1 x pal á pç! pa} 

Corol. If pc”— is very small in respect of cal, the particle 
D 18 repelled with very nearly the same force as if the diameter 
of the plate was infinite. 


Lemma. 8 Let L and l represent the two legs of a right angled 

le, and } the hypothenuse ; if the shorter leg / is so much 

less than the other, that i is very small in respect of 11, 

then - — 15-* will be very small in respect of 5. For 
3—n 


12 — 
za) °= 1 l + 


hr (12 4. B) 1. Li" X {i+ 


8— 1 X BP 3 — A n—1X 
211 811 „ c. therefore 4 1 
8— nN la S—nxXn+1X i Bo 8 — n x [1 
= 21—1 z 811-1 & C. 21—1 * 
B XS — M „ n — INN 
— —— 811i &c. which is very small in 


respect of ; as [*—! is by the supposition very small in 
respect of 1.1. 

Lemma 9.—Let pc now represent the axis of a cylindric or 
prismatie column of uniform matter; and let the diameter of 
the column be so small, that the repulsion of the plate AB on it 
shall not be sensibly different from what it would be, if all the 
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matter in it was collected in the axis: the force with which the 
plate repels the column, is proportional to Doc ＋ ac-—* — 
Da; supposing the thickness of the plate and base of the 
column to be given. For, if po is supposed to flow, the 
corresponding fluxion of the repulsion is proportional to 
D'C Dc-+- D'C D'C D'A 

pei —= pani = pei pa; the fluent of which 
A — pa*™ vanishes when pc vanishes. 


3— n 


Corol. 1. If the length of the column is so great, that ac*—! 
is very small in respect of Doi, the repulsion of the plate on 
it is very nearly the same as if the column was infinitely con- 
tinued. For, by lemma 8, Ac ＋ De- — pa?” differs 
very little in this case from Ach; and if pc is infinite, it is 
exactly equal to it. ö 

Corol, 2. If Ac I is very small in respect of pc*—', and the 
point x be taken in pc, such that xc I shall be very small in 
respect of ac*—!, the repulsion of the plate on the small part of 
the column xc, is to its repulsion on the whole column pc, 
very nearly as xc to 4c. 

Lemma 10. If we now suppose all the matter of the plate to 
be collected in the circumference of the circle, so as to form an 
infinitely slender uniform ring, its repulsion on the column pc 
will be less than when the matter is spread uniformly all over 

1 


f ; S-n X Ac? 1 
th — — — — D 
e plate in the ratio of 3 Gori — jy) to 
oc ＋ acS—"—pad* 


For it was before said, that if the matter of the plate be 
spread uniformly, its repulsion on the column will be propor- 
tional to pc>—* ＋ Ac - — pA, or may be expressed by it; 
let now ac, the semidiameter of the plate, be increased by the 
infinitely small quantity a'c; the quantity of matter in the 
plate will be increased by a quantity, which is to the whole, as 
2a'c to ac; and the repulsion of the plate on the column will 


ac 
be increased hy 3 — n X a'c X ac **—a'c X D X3 — 
1 1 l 
XDA = 3 —n X ac X ac X (icr pi): there- 
fore if a quantity of matter, which is to the whole quantity in 
the plate, as 2a'c to Ac, be coliected in the circumference, its 
repulsion on the column Dc, will be to that of the whole plate, 
1 1 
as 3 — * X A- X Ac X (font — pan) to p. + ac?” 


— D and consequently the repulsion of the plate, when 
all the matter is collected in its circumference, is to its repul- 
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3 — n > ac? 

sion when the matter is spread uniformly, aas 2 X 
1 1 

(e pri) to pc. / ic — DAA. 


Corol. 1. If the length of the column is so great, that ac*—! 
is very small in respect of Doi, the repulsion of the plate 
when all the matter is collected in the circumference, is to its 
repulsion when the matter is spread uniformly, very nearly as 
2—n> ac? 


~ 


to Ac, or as 3 — n to 2. 


Corol 2. If xc is very small in respect of ac, the repul- 
sion of the plate on the short column Ec, when all the matter 
in the plate is collected in its circumference, is.to its repul- 
sion when the matter is spread uniformly, very nearly as 
3 — n X n—1 X Ec? 

cri to ECS, or as 3 — n Xx n —1 X 
ECW I to 4ac*—! ; and is therefore very small in comparison of 
what it is when the matter is spread uniformly. 


For, by the same kind of process as was used in lemma 8, it 


‘appears, that if £c? is very small in respect of ac?, then ac? X 
1 1 _ %— 1 xc 2 


(a ee ==) differs very little from a or 


n—1 X EC? , , 
from n= ; and if Ec"! is very small in respect of 
ac’—|, then Ec? is a fortiori very small in respect of ac? . 


Corol. 3. Suppose now that the matter of the plate is denser 
near the circumference than near the middle, and that the 
density at and near the middle is to the mean density, or the 
density which it would every where be of if the matter was 
spread uniformly, as 3 to 1, then the repulsion of the plate on 
EC will be less than if the matter was spread uniformly, in a 
ratio approaching much nearer to that of 2 to J, than to that of 
equality. 

Corol. 3. Let every thing be as in the last corollary, and let 
be taken to 1, as the force with which the plate actually repels 
the column pc, (nc"—! being very great in respect of act) is 
to the force with which it would repel it, if the matter was 
spread uniformly ; the repulsion of the plate on xc will be to its 
repulsion on pc, in a ratio between that of Ec X 3 to 40 
X , and that of xc. to ac >-* x, but will approach much 
nearer to the former ratio than to the latter. 

Lemma 11. In the line pc produced, take cr equal to ca: if 
all the matter of the plate an is collected in the circumference, 
its repulsion on the column cp, infinitely continued, is equal to 
the repulsion of the same quantity of matter collected in the 


By the Hon. Henry Cavendish. 177 


point 7, on the same column. For the repulsion of the plate 
on the column in the direction cp, is the same whether the 
matter of it be collected in the whole circumference, or in the 
point a. Suppose it therefore to be collected in a; and let an 
equal quantity of matter be collected in r; take Fe constantly 
equal to ap; and let ap and re flow; the fluxion of cp is to 
the fluxion of FG, as aD to cp; and the repulsion of 4 on the 
point D, in the direction cp, is . r on o, as 
cD to aD ; therefore the fluxion of the repulsion of a on the 
column cp, in the direction cp, is equal to the fluxion of the 
repulsion of F on c; and when aD equals ac, the repulsion of 
both a and r. on their respective columns, vanishes; and 
therefore the repulsion of a on the whole column cp, equals 
that of F on ca; and when cp and co are both infinitely ex- 
tended, they may be considered as the same column. 


Prop. 17. Let two similar bodies, of different sizes, and 
consisting of different sorts of matter, be both overcharged, or 
both undercharged, but in different degrees; and let the 
redundance or deficience of fluid m each be very small, in 
respect of the whole quantity of fluid in them: it is impossible 
for the fluid to be disposed accurately in a similar manner in 
both of them ;* as it has been shown that there will be a space, 
close to the surface, which will either be as full of fluid as it can 
hold, or will be entirely deprived of fluid ; but it will be disposed 
as nearly in a similar manner in both, as is possible. To explain 
this, let BDE and öde, fig. 12, be the two similar bodies; and 
let the space comprehended between the surfaces BDE and ron 
(or the space By as he calls it for shortness) be that part of 
BDE, which is either as full of fluid as it can hold, or entirely 
deprived of it: draw the surface fgh, such that the space bf, 
shall be to the space BF, as the quantity of redundant or defi-. 
cent fluid in bde, to that in BDE, and that the thickness of the 
space bf shall every where bear the same proportion to the cor- 
responding thickness of pr: then will the space Uf be either as 
full of fluid as it can hold, or entirely deprived of it; and the 
fluid within the space fgh will be disposed very nearly simi- 
larly to that in the space ron. 

For it is plain, that if the fluid could be disposed accurately ina 
similar manner in both bodies, the fluid would be in equilibrio 
in one body, if it was in the other; therefore draw the surface 
ê such that the thickness of the space sf, shall be every 
where to the corresponding thickness of BF, as the diameter of 


> By the fluid being disposed in a similar manner in both bodies, Mr. 
C. means that the quantity of redundant or deficient fluid, in any small 
part of one body, is to that in the corresponding small part of the other, as 
the whole quantity of redundant or deficient fluid in one body, to that in 
the other. By the quantity of deficient fluid in a body, he means the 
quantity of fluid wanting to saturate it. Notwithstanding the impropriety 
of this expression, he begs leave to make use of it, as it will consequently 
save a great deal of circumlocution. 


a 
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bde to the diameter of BDE; and let the redundant fluid or 
matter in E/ be spread uniformly over the space af; then if the 
fluid in the space fgh is disposed exactly similar to that in von, 
it will be in equilibrio ; as the fluid will then be disposed ex- 
actly similarly in the spaces 4 and BDE; but as, by the sup- 
position, the thickness of the space sf is very small in respect 
of the diameter of bde, the fluid or matter in the space / will 
exert very nearly the same force on the rest of the fluid, whether 
it is spread over the space £f, or whether it is collected in bf. 


Prop. 18. Let two bodies, B and 6, be connected to each other 
by a canal of any kind, and be either over or undercharged : it 
is plain that the quantity of redundant or deficient fluid in B, 
would bear exactly the same proportion to that in 6, whatever sort 
of matter B consisted of, if it was possible for the redundant or 
deficient fluid in any body, to be disposed accurately in the same 
manner, whatever sort of matter it consisted of. For suppose 
B to consist of any sort of matter ; and let the fluid in the canal 
and two bodies be in equilibrio; let now B be made to consist 
of some other sort of matter, which requires a different quantity 
of fluid to saturate it; but let the quantity and disposition of the 
redundant or deficient fluid in it remain the same as before: it 
is plain that the fluid will still be in equilibrio ; as the attraction 
or repulsion of any body depends only on the quantity and 
disposition of the redundant and deficient fluid init. Therefore 
by the preceding proposition, the quantity of redundant or 
deficient fluid in s, will actually bear very nearly the same 
proportion to that in ö, whatever sort of matter B consists of; 
provided the quantity of redundant or deficient fluid in it is very 
small in respect of the whole. 


Prop. 19. Let two bodies B and 6, fig. 11, be connected 
together by a very slender canal anda, either straight or 
crooked: let the canal be every where of the same breadth and 
thickness ; so that all sections of this canal made by planes 
perpendicular to the direction of the canal in that part, shall be 
equal and similar: let the canal be composed of uniform matter; 
and let the electric fluid in it be supposed incompressible, and 
of such density as exactly to saturate the matter in it; and let 
it nevertheless be able to move readily along the canal; and let 
each particle of fluid in the canal be attracted and repelled by 
the matter and fluid in the canal and in the bodies B and b, just 
in the same manner that it would be if it was not incompressi- 
ble ;* and let the bodies B and b be either over or undercharged. 
Then the force with which the whole quantity of fluid in the 
canal is impelled from a towards p, in the direction of the axis 


> This supposition of the fluid in the canal being incompressible, is not 
mentioned as a thing which can ever take place in nature, but is merely 
imaginary ; the reason for making of which will be given hereafter. 
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of the canal, by the united attractions and repulsions of the two 
bodies, must be nothing : as otherwise the fluid in the canal 
could not be at rest: observing that by the force with which 
the whole quantity of fluid is impelled in the direction of the 
axis of the canal, he means the sum of the forces, with which 
the fluid in each part of the canal is impelled in the direction of 
the axis of the canal in that place, from 4 towards p; and ob- 
serving also, that an impulse ig the contrary direction, from D 
towards a, must be considered as negative. 


For as the canal is exactly saturated with fluid, the fluid in it 
is attracted or repelled only by the redundant matter or fluid 
in the two bodies. Suppose now that the fluid in any section of 
the canal, as ke, is impelled with any given force in the direction 
of the canal at that place, the section pd would, in consequence 
of it, be impelled with exactly the same force in the direction of 
the canal at D, if the fluid between Ee and pd was not at all 
attracted or repelled by the two bodies ; and consequently the 
section pd is impelled in the direction of the canal, with the sum 
of the forces, with which the fluid in each of the canal is 
impelled, by the attraction or repulsion of the two bodies in the 
direction of the axis in that ; and consequently, unless this 
sum was nothing, the fluid in pd could not be at rest. 


_ Corol. Therefore the force with which the fluid in the canal 
is impelled one way in the direction of the axis, by the body B, 
must be equal to that with which it is impelled by 6 in the 
contrary direction. 

Prop. 20. Let two similar bodies B and b, fig. 13, be con- 
nected by the very slender cylindric or prismatic canal aa, 
hiled with incompressible fluid, in the same manner as describ- 
ed in the preceding proposition : let the bodies be overcharged ; 
but let the quantity of redundant fluid in each bear so small a 
Proportion to the whole, that the fluid may be considered as 
disposed in a similar manner in both; let the bodies also be 
similarly situated in respect of the canal aa; and let them be 
placed at an infinite distance from each other, or at so great a 
one, that the repulsion of either body on the fluid in the canal, 
shall not be sensibly less than if they were at an infinite dis- 
tance: then, if the electric attraction and repulsion is inversely 
as the n power of the distance, u being greater than J, and less 
than 3, the quantity of redundant fluid in the two bodies will 
be to each other, as the n — 1 power of their corresponding 
diameters ar and af. 

For if the quantity of redundant fluid in the two bodies is in 

proportion, the repulsion of one body on the fluid in the 
canal, will be equal to that of the other body on it, in the con- 
trary direction; and consequently the fluid will have no ten- 
dency to flow from one body to the other, as may thus be 
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proved. Take the points p and E very near to each other, 
and take da to pa, and ea to EA, as af to Ar; the repulsion of 
the body 8 on a particle at p, will be to the repulsion of b on a 
1 1 ö i 
particle at d, as Ar to gf; for, as the fluid is disposed similarly 
in both bodies, the quantity of fluid in any small part of B, is 
to the quantity in the corresponding part of b, as AI to 
af -I; and consequently the repulsion of that small part of B, 
on D, is to the repulsion of the corresponding part of b on d, 
ar—1 1 1 
as ipn > or Ir to gf But the quantity of fluid in the small 


part DE of the canal, is to that in de, as DE to de, or as aF to 
af; therefore the repulsion of sB on the fluid in DE, is equal to 

that of ò on the fluid in de: therefore, taking ag to aa, as af 
to aF, the repulsion of b on the fluid in ag, is equal to that of 8 
on the fluid in aa; but the repulsion of b on ag may be consi- 
dered as the same as its repulsion on aa; for, by the supposi- 
tion, the repulsion of B on aa may be considered as the same 
as if it was continued infinitely ; and therefore the repulsion of 
b on ag may be considered as the same as if it was continued 
infinitely. 

N. B. If n was not greater than 1, it would be impossible for 
the length of Aa to be so great, that the repulsion of 8 on it 
might be considered as the same as if it was continued infinitely ; 
which was the reason for requiring n to be greater than 1. 


Corol. By just the same method of reasoning it appears, that 
if the bodies are undercharged, the quantity of deficient fluid in 
b will be to that in B, as i to Ari. 


Prop. 21. Let a thin flat plate be connected to any other 
body, as in the preceding proposition, by a canal of incom- 
pressible ſſuid, perpendicular to the plane of the plate; and let 
that body be 5 ; then the quantity of redundant fluid 
in the plate will bear very nearly the same proportion to that in 
the other body, whatever the thickness of the plate may be, 
provided its thickness is very small in proportion to its breadth, 
or smallest diameter. For there can be no doubt, but under 
that restriction, the fluid will be disposed very nearly in the 
‘same manner in the plate, whatever its thickness may be ; and 
therefore its repulsion on the fluid in the canal will be very 
nearly the same, whatever its thickness may be. 


Prop. 22. Let aB and pr, fig. 14, represent two equal and 
5 circular plates, whose centres are c and E; let the plates 
placed so, that a right line joining their centres shall be 
perpendicular to the plates; let the thickness of the plates be 
very small in respect of their distance cx; let the plate as 
communicate with the body n, and the plate pr with the body 
L, by the canals ce and Ex of incompressible fluid, such as are 
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described in prop. 19; let these canals meet their respective 
plates in their centres c and x, and be perpendicular to the 
plane of the plates; and let their length be so great, that the 
repulsion of the plates on the fluid in them may be considered 
asthe same as if they were continued infinitely ; let the body 
E be overcharged, and let L be saturated. It is plain, from 
prop. 12, that pr will be undercharged, and as will be more 
overcharged than it would otherwise be. Suppose now, that 
the redundant fluid in as is disposed inthe same manner as the 
deficient fluid is in or; let P be to 1, as the force with which 
the plate aB would Uthe fluid in cx, if the canal ME was 
continued to c, is to the force with which it would repel the 
fluid in cu ; and let the force with which as repels the fluid in 
ca, be to the force with which it would repel it, if the redun- 

- dant fluid in it was spread uniformly, as - to 1; and let the 
force with which the body H repels the fluid in co, be the same 
with which a quantity of redundant fluid, which we will call p, 
r i uniformly over aB, would repel it in the contrary 
irection. Then will the redundant fluid in ap be equal to 

B 


re — par; and therefore, if P is very small, will be very 


B 
nearly equal to op, ; and the deficient fluid in pr will be to 


the redundant fluid in aB, as 1 — P to 1; and therefore, if P is 
very small, will be very nearly equal to the redundantfluid in 
AB, 

For it is plain, that the force with which as repels the fluid 
n EM, must be equal to that with which pr attracts it; for 
otherwise some fluid would run out. of Dr into L, or out of L 
into pF: for the same reason, the excess of the repulsion of An 
on the fluid in ca, above the attraction of Fp on it, must be 
equal to the force with which a quantity of redundant fluid 
equal to B, spread uniformly over aB, would repel it, or it 


must be equal to that with which a quantity equal to =, spread 


in the manner in which the redundant fluid is actually spread 
in aB, would repel it. By the supposition, the force with 
which AB repels the fluid in EM, is to the force with which it 
would repel the fluid in cm, supposing Em to be continued to 
c, as 1 — P to 1; but the force with which any quantity of 
fluid in aB would repel tke fluid in cm, is the same with which 
an equal quantity similarly disposed in pF, would repel the 
fluid in EM; therefore the force with which the redundant fluid 
in aB repels the fluid in xu, is to that with which an equal 
quantity similarly disposed in Dr, would repel it, as 1 — P to 
1: therefore, if the redundant fluid in as be called a, the defi- 
cient fluid in DF must be a X 1 —, : for the same reason, the 


* 
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force with which pF attracts the fluid in ca, is to that with 
which aB repels it, as a X 1 — P X 1 — r, or 4 X (1— PY, 
to A; therefore, the excess of the force with which as repels 
ca, above that with which pr attracts it, is equal to that with 
which a quantity of redundant fluid equal to a — a X 
(1 — P)?, or A X (2P — 7), spread over aB, in the manner 
in which the redundant fluid in it is actually spread, would 


repel it: therefore, a X (2P — P?) must be equal to B, ora 
B 
must be equal to Zp, — P, 


Corol. 1. If the density of the redundant fluid near the mid- 
dle of the plate as, is less than the mean density, or the density 
which it would every where be of, if it was spread uniformly, 
in the ratio of * to 1; and if the distance of the two plates is 
so small, that xc is very small in respect of ac*—!, and that 
rc is very small in respect of 4c . the quantity ef redun- 
B AC 
dant fluid in aB will be greater thang x (c-, and less than 

B 5) 
27 X \gc7*, but will approach much nearer to the latter 


value than the former. For, in this case, P* is, by lemma 10, 


: (=) EC | 
corol. 4, is less than Cc, and greater than s-s x 3, but 


approaches much nearer to the latter value than the former; 
and if xc is very small in respect of ac", P is very small. 


Remarks. If pr was not undercharged, it is certain that 48 
would be considerably more overcharged near the circumfer- 
ence of the circle than near the centre: for if the fluid was 

read uniformly, a particle placed any where at a distance from 

e centre, as at x, would be repelled with considerably more 
force towards the circumference, than it would towards the 
centre. If the plates are very near together, and consequently 
DF nearly as much undercharged as aB is overcharged, AB will 
still be more overcharged near the circumference than near the 
centre, but the difference will not be near so great as in the 
former case: for, let vn be many times greater than cx, and NS 
less than ce ; and take Er and Es equal to cr and cs; there can 
be no doubt, he thinks, but that the deficient fluid in pr will be 
1 nearly in the same manner as the redundant fluid in AB; 
and therefore the repulsion of the redundant fluid at x, on a 
particle at x, will be very nearly balanced by the attraction of 
the redundant matter at r, for x is not much nearer to N than r 
is; but the repulsion of s will not be near balanced by that of 
#; for the distance of s from N is much less than that of s. 
Let now a small circle, whose diameter is st, be drawn round 
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the centre N, on the plane of the plate; as the density of the 
fluid is greater at T than at s, the repulsion of the redundant 
fluid within the small circle tends to impel the point N towards 
o; but as there is a much greater quantity of fluid between N 
and B, than between n and 4, the repulsion of the fluid without 
the small circle tends to balance that; but the effect of the fluid 
within the small circle is not much less than it would be, if pr 
was not undercharged: whereas much the greater part of the 
effect of that part of the plate on the outside of the circle, is 
taken off by the effect of the corresponding part of DF : conse- 
quently the difference of density between T and s will not be 
near so great, as if or was not undercharged. Hence he 
imagines, that if the two plates are very nearly together, the 
density of the redundant fluid near the centre will not be much 
less than the mean density, or > will not be much less than 1; 
moreover, the less the distance of the plates, the nearer will è 
approach to 1. | 
Corol. 2. Let now the body n consist of a circular plate, of 
the same size as aB, placed so, that the canal co shall pass 
through its centre, and be perpendicular to its plane ; by the 
supposition, the force with which u repels the fluid in the canal 
co, is the same with which a quantity of fluid, equal to B, 
spread uniformly over AB, would repel it in the contrary direc- 
tion: therefore, if the fluid in the plate H was spread uni- 
formly, the quantity of redundant fuid in it would be B; and if 
l 2B 
it was all collected in the circumference, would be 3— ; and 
therefore the real quantity will be greater than B, and less than 
2B 
3— n 


Corol. 8. Therefore, if we suppose 3 to be equal to 1, the 

quantity of redundant fluid in aB will exceed that in the plate 
acL3—n 38 — n 

H, in a greater ratio than that of (Cx X to J, 


Cy — 

and less than that of (GR * Ito 1: and from the pre- 
ceding remarks it appears, that the real quantity of redundant 
fluid in as can hardly be much greater than it would be if , 
was equal to 1. 

Corol. 4. Hence, if the electric attraction and repulsion is 
inversely as the square of the distance, the redundant fluid in 
4B, supposing > to be equal to 1, will exceed that in the plate 
H, in a greater ratio than that of ac to 4cr, and less than that 
of ac to ⁊ck. 


Corol. 5. Let now the body n consist of a globe, whoꝶ dia- 
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meter equals AB; the globe being situated in such a manner, 
that the canal ca, if continued, would pass through its centre; 
and let the electric attraction and repulsion be inversely as the 
square of the distance, the quantity of redundant fluid in the 
globe will be 25; for the fluid will be spread uniformly over 
the surface of the globe, and its repulsion on the canal will be 
the same as if it was all collected in the centre of the sphere, 
and will therefore be the same with which an equal quantity, 
disposed in the circumference of aB, would repel it in the con- 
trary direction, or with which half that quantity, or B, would 
repel it, if spread uniformly over the plate. 


Corol. 6. Therefore, if > was equal to 1, the redundant fluid 
in an would exceed that in the globe, in the ratio of ac to 4cE; 
and therefore it will in reality exceed that in the globe, in a 
rather greater ratio than that of ac to 4ce; but if the plates 
are very near together, it will approach very near to that ratio, 
and the nearer the plates are, the nearer it will appraach to it. 


Corol. 7. Whether the electric repulsion is inversely as the 
square of the distance or not, if the body h is as much under- 
charged, as it was before overcharged, as will be as much 
undercharged as it was before overcharged, and DE as much 
overcharged as it was before undercharged. 


Corol. 8. If the size and distance of the plates be altered, the 
quantity of redundant or deficient fluid in the body n remain- 
ing the same, it appears, by comparing this proposition with 
the 20th and 21st propositions, that the quantity of redundant 
and deficient fluid in AB, will be as Ac - 

ac ac? 
x \EC/ , or as f, supposing the value of > to remain the 
same. 


Prop. 23. Let AR, fig. 15, be a cylindric canal, infinitely 
continued beyond R; and let aF be a bent canal, meeting the 
other at a, and infinitely continued beyond r: let the section 
of this canal, in all parts of it, be equal to that of the cylindric 
canal, and let both canals be filled with uniform fluid of the 
same density: then the force with which a particle of fluid P, 
placed any where at pleasure, repels the whole quantity of 
fluid in Ar, in the direction of the canal, is the same with 
which it repels the fluid in tle canal Ax, in the direction Ak. 
On the centre P, draw two circular arches BD and bd, infinitely 
near to each other, cutting aE in B and a, and ar in p and 2; 
and draw the radii Pb and pd. As PB = PD, the force with 
which P repels a particle at B, in the direction B3, is to that 
ee it repels an equal particle at D, in the direction Də, 

B Dd 1 1 
as p3 to py, or as p3 to Dy > and therefore the force with 


which it repels the whole fluid in ng, in the direction ss, is the 
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same w ith which it repels the whole fluid in D, in the direc- 
tion DA, that is in the direction of the canal; and therefore the 
force we ith which it repels the whole fluid in ae, in the direction 
of AE. is the same with which it repels the whole fluid in ar, in 
the direction of the canal. 


_CoroZ. If the bent canal Apr, instead of being infinitely con- 
tinu cl, «meets the cylindric canal in E, as in fig. 16, the repul- 
son OF on the fluid in the bent canal ape, in the direction of 
the Canal, will still be equal to its repulsion on that in the 
cylindric canal AE, in the direction of AE. 


Prop. 24. If two bodies, for instance the plate as, and the 
1 EI. of prop. 22, communicate with each other, by a canal 
8 With incompressible fluid, and are either over or under- 

ar&ged the quantity of redundant fluid in them will bear the 
ame Proportion to each other, whether the canal by which they 
keko urxicate is straight or crooked, or into whatever part of 
bodi Odi es the canal is inserted, or in whatever manner the two 

ere situated in respect of each other; provided that 

ce is infinite, or so t that the repulsion of 

i — body on the fluid in the Gail shall not be sensibly less 
af i.e was infinite. 


8 Ac parallelograms as and pr, fig. 17, represent the two 
8 ow a> d and 1. the bodies communicating with them: let 
the 1. Ne removed to h; and let it communicate with as, by 
fork 5 CNE canal ge; the quantity of fluid in the plates and bodies 
ia th Xar xag the same as before; and let us, for the sake of ease 

© <Lemonstration, suppose the canal ge to be every where 


their 


T © Sa me thickness as the canal go; though the proposes 
fuia A ently hold equally good, whether it is or not; then the 


canal ill still be in equilibrio. For let us first suppose the 
toe loc to be e through the substance of the plate AB, 
ness al Ong the line crc ; pean aa crc being of the same thick- 
densi aS the rest of the , and the fluid in it of the same 
ton op > by the preceding 5 the repulsion or attrac- 
on th, Dach particle of: fluid or matter in the plates AB and pr, 
= fluid in the whole canal creg, in the direction of that 
canal equal to its repulsion or attraction on the fluid in the 
or ate > in the direction co; and therefore the whole repulsion 
repral gs tion of the two plates on the canal creg, is equal to their 
in equipa or attraction on c: but as the fluid in the plate aB is 
is inn Ii brio, each particle of fluid in the part cre of the canal, 
the e lled by the plates, with as much force in one direction as - 
anag Oer ; and consequently the plates impel the fluid in the 
cre, “F> with as much force as they do that in the whole canal 
ca. t is, with the same force that they impel the fluid in 
same p- like manner the body / impels the fluid in cg, with the 
pels those that n does the fluid in co; and consequently & im- 
© fluid in cg, one way in the direction of the canal, with 
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the same force that the two plates impel it the contrary way ; 
and therefore the fluid in cg has no tendency to flow from one 
body to the other. 


Corol. By the same method of reasoning, with the help of 
the corollary to the 23d proposition, it appears that if AB and 
H each communicate with a third body, by canals of incom- 
pressible fluid, and a communication is made between aB and 
H by another canal of incompressible fluid, the fluid will have 
no tendency to flow from one to the other through this canal ; 
supposing that the fluid was in equilibrio before this commu- 
nication was made. In like manner, if AB and u communicate 
with each other, or each communicate with a third body, by 
canals of real fluid, instead of the imaginary canals of incom- 
pressible fluid used in these propositions, and a communication 
is also made between them by a canal of incompressible fluid, 
the fluid can have no tendency to flow from one to the other. 
The truth of the latter part of this corollary will appear by 
supposing an imaginary canal of incompressible fluid to be 
continued through the whole length of the real one. 


Prop. 25. Let now a communication be made between the 
two plates aB and pr, by the canal nrs of incompressible 
fluid, of any length; and let the body u and the plate as be 
overcharged. It is plain that the fluid will flow through that 
canal from AB to DF. Now the whole force with which the 
fluid in the canal is impelled along it, by the joint action of the 
two plates, is the same with which the whole quantity of fluid 
in the canal ce or cg is impelled by them ; supposing the canal 
NRS to be every where of the same breadth and thickness as co 
or cg. For suppose that the canal Nrs, instead of communi- 
cating with the plate Dr, is bent back just before it touches it, 
and continued infinitely along the line ss; the force with which 
the two plates impel the fluid in ss, is the same with which 
they impel that in EL, supposing ss to be of the same breadth 
and thickness as EL; and 1s therefore nothing ; therefore the 
force with which they impel the fluid in wrs, is the same with 
which they impel that in nrss; which is the same with which 
they impel that in co. 


Prop. 26. Let now xyz be a body of an infinite size, contain- 
ing just fluid enough to saturate it; and let a communication 
be made between & and zyz, by the canal hy of incompressible 
fluid, of the same breadth and thickness as ge or ac ; the fluid 
will flow through it from à to xyz; and the force with which 
the fluid in that canal is impelled along it, is equal to that with 
which the fluid in nrs is impelled by the two plates. 

If the canal hy is of so great a length, that the repulsion of } 
on it is the same as if it was continued infinitely, then the thing 
is evident; but if it is not, let the canal hy, instead of com- 
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municating with ryz, so that the fluid can flow out of the canal 
into xyz, be continued infinitely through its substance, along the 
line yv: now it must be observed that a small part of the body 
xyz, namely, that which is turned towards à, will by the action 
ofh on it, be rendered undercharged ; but all the rest of the ` 
body will be saturated ; for the fluid driven out of the under- 
charged part will not make the remainder, which is supposed 
to be of an infinite size, sensibly overcharged: now the force 
with which the fluid in the infinite canal hyv, is impelled by the 
body h and the undercharged part of xyz, is the same with 
which the fluid in ge is impelled by them; but as the fluid in 
all parts of xyz is in equilibrio, a particle in any part of yv 
cannot be impelled in any direction; and therefore the fluid in 
hy is impelled with as much force as that in hyv ; and therefore 
the fluid in Ay is impelled with as much force as that in ge; and 
is therefore impelled with as much force as the fluid in Ns is 
impelled by the two plates. 


It perhaps may be asked, whether this method of demonstra- 
tion would not equally tend to R that the fluid in hy was 
impelled with the same force as that in nrs, though tyz did not 
contain just fluid enough to saturate it. He answers not; for 
this demonstration depends on the canal yv bheifig continued, 
within the body xyz, to an infinite distance beyond any over or 
undercharged part; which could not be if xyz contained either 
more or less fluid than that. 


Prop. 27. Let two bodies B and b, fig. 13, be joined by a 
cylindric or prismatic canal Aa, filled with real fluid; and not 
by an imaginary canal of incompressible fluid as in the 20th 
proposition ; and let the fluid in it be in equilibrio: the force 
with which the whole or any given part of the fluid in the canal, 
is impelled in the direction of its axis, by the united repulsions 
and attractions of the redundant fluid or matter in the two 
bodies and the canal, must be nothing ; or the force with which 
it is impelled one way in the direction of the axis of the canal, 
must be equal to that with which it is impelled the other way. 
For as the canal is supposed cylindric or prismatic, no particle 
of fluid in it can be prevented from moving in the direction of 
its axis, by the sides of the canal ; and therefore the force with 
which particle is impelled either way in the direction of 
the axis, by the united attractions and repulsions of the two 
bodies and the canal, must be nothing, otherwise it could not 
be at rest ; and therefore the force with which the whole, or any 
given part of the fluid inthe canal, is impelled in the direction 
of the axis, must be nothing. 

Corol. 1. If the fluid in the canal is disposed in such inanner, 
that the repulsion or attraction of the redundant fluid or matter 
in it, on the whole or any given part of the fluid in the canal, 
has no tendency to impel it either way in the direction of the 
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axis; then the force with which that whole or given part is 
impelled by the two bodies, must be nothing ;-or the force 
with which it is impelled one way in the direction of the axis, 
by the body s, must be equal to that with which it is impelled 
in the contrary direction by the other body; but not if the 
fluid in the canal is disposed in a different manner. 


Corol. 2. If the bodies, and consequently the canal, is over- 
charged ; then, in whatever manner the fluid in the canal is dis- 
posed, the force with which the whole quantity of redundant 
fluid in the canal is repelled by the body B, in the direction 
Aa, must be equal to that with which it is repelled by B, in the 
contrary direction. For the force with which the redundant 
fluid is impelled in the direction aa, by its own repulsion, is 
nothing ; for the repulsion of the particles of any body on each 
other, have no tendency to make the whole body move in any 
direction. 

Remarks. When Mr. C. first thought of the 20th and 22d 
propositions, he imagined that when two bodies were connected 
by a cylindric canal of real fluid, the repulsion of one body 
on the whole quantity of fluid in the canal, in one direction, 
would be equal to that of the other body on it, in the contrary 
direction, in whatever manner the fluid was disposed in the 
canal; and that therefore those propositions would have held 
good very nearly, though the bodies were joined by cylindric 
canals of real fluid; provided the bodies were so little ever or 
undercharged, that the quantity of redundant or deficient fluid 
in the canal should be very small in respect of the quantity 
required to saturate it; and consequently that the fluid in it 
should be very nearly of the same density in all parts. But 
from the foregoing proposition it appears that he was mistaken, 
and that the repulsion of one body on the fluid in the canal, is 
not equal to that of the other body on it, unless the fluid in the 
canal is disposed in a particular manner: besides that, when 
two bodies are both joined by æ real canal, the attraction or 
repulsion of the redundant matter or fluid in the canal, has 
some tendency to alter the disposition of the fluid in the two 
bodies; and in the 22d proposition, the canal ce exerts also 
some attraction or repulsion on the canal Ex, on all which 
accounts the demonstration of those propositions is defective, 
when the bodies are joined by real canals. He has good reason 
however to think, that those propositions actually hold good, 
very nearly, when the bodies are joined by real canals; and 
that, whether the canals are straight or crooked, or in whatever 
direction the bodies are situated in respect of each other: 
though he is by no means able to prove that they do: he there- 
fore chose still to retain those propositions, but to demonstrate 
them on this ideal supposition, in which they are certainly true, 
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in hopes that some more skilful mathematician may be able to 
show whether they really hold good or not. 


What principally makes him think that this is the case, is, 
that as far as he can judge from some experiments he has made, 
the quantity of fuid in different bodies agrees very well with 
those propositions, on a supposition that the electric repulsion 
is inversely as the square of the distance. It should also seem 
from those experiments, that the quantity of redundant or 
deficient fluid in two bodies, bore very nearly the same propor- 
lion to each other, whatever is the shape of the canal by which 
they are joined, or in whatever direction they are situated in 
respect to each other. 


Though the above propositicn should be found not to hold 
good, when the bodies are joined by real canals, still it is evi- 
dent, that in the 22d proposition, if the plates AB and DF are 
very near together, the quantity of redundant fluid in the plate 
AB will be many times greater than that in the body n, supposing 
u to consist of a circular plate of the same size, as AB, and DF 
will be nearly as much undercharged as a» is overcharged. 


Sir Isaac Newton supposes that air consists of particles which 
repel each other with a force inversely as the distance: but it 
appears plainly from the foregoing pages, that if the repulsion 
of the particles was in this ratio and extended indefinitely to all 
distances, they would compose a fluid extremely different from 
common air. Ifthe repulsion of the particles was inversely,as 
the distance, but extended only to a given very small distance 
from their centres, they would compose a fluid of the same kind 
as air, in respect of elasticity, except that its density would not 
be in proportion to its compression; if the distance to which 
the repulsion extends, though very small, is yet many times 
greater than the distance of the particles from each other, it 
might be shown, that the density would be nearly as the square 
root of the compression. Ifthe repulsion of the parts extend 
indefinitely, and was inversely as some higher power of the 
distance than the cube, the density of the fluid would be as some 
power of the compression less than three-fifths. The only law 
of repulsion, Mr. C. can think of, which will agree with expe- 
riment, is one which seems not very likely; namely, that the 
particles repel each other with a force inversely as the distance; 
but that, whether the density of the fluid is great or small, the: 
repulsion extends only to the nearest particles ; ‘or, what comes 
to the same thing, that the distance to which the repulsion 
extends, is very small, and also is not fixed, but varies in pro- 
portion to the distance of the particles. 
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Part II.— Conlaining a Comparison of the foregoing Theory 
with Experiment. ` 


$ 1. It appears from experiment, that some bodies suffer the 
electric fluid to pass with great readiness between their pores ; 
while others will not suffer it to do so without great difficulty ; 
and some hardly suffer it to do so at all. The first sort of 
bodies are called. conductors, the others non-conductors. What 
this difference in bodies is owing to, Mr. C. does not pretend to 
explain. It is evident that the electric fluid in non-conductors 
may be considered as moveable, or answering to the definition 
5 of that term immediately before prop. 1. As to the 

uid contained in non-conducting substances, though it does 
not absolutely answer to the. definition of immoveable, as it is 
not absolutely confined from moving, but only does so with 
great difficulty ; yet it may in most cases be considered as such 
without sensible error. Air does in some measure permit the 
electric fluid to pass through it ; though, if it is dry, it lets it pass 
but very slowly, and not without difficulty ; it is therefore to be 
called a non-conductor. . 

It appears that conductors would readily suffer the fluid to 
run in and out of them, were it not for the air which surrounds 
them: for if the end of a conductor is inserted into a vacuum, 
the fluid runs in and out of it with perfect readiness ; but when 
it is surrounded on all sides by the air, as no fluid can run out 
of it without running into the air, the fluid will not do so with- 
out difficulty. If any body is surrounded on all sides by the 
air, or other non-conducting substances, it is said to be insu- 
lated: if on the other hand it any where communicates with 
any conducting body, it is said to be not insulated. When he 
says that a body communicates with the ground, or any other 
body, he would be understood to mean that it does so by some 
conducting substance. 

Though the terms positively and negatively electrified are 
much used, yet the precise sense in which they are to be under- 
stood, seems not well ascertained; namely, whether they are 
to be understood in the same sense in which he has used the 
words over or undercharged, or whether, when any number 
of bodies, insulated and communicating with each other by 
conducting substances, are electrified by means of excited glass, 
they are all to be called positively electrified (supposing, ac- 
cording to the usual opinion, that excited glass contains more 
than its natural quantity of electricity); even though some of 
them, by the approach of a stronger electrified body, are made 
undercharged. He uses the words in the latter sense; but 
as it will be proper to ascertain the sense in which he uses 
them more accurately, he gives the following definition. In 
order to judge whether any body, as a, is positively or nega- 
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tively electrified: suppose another body B, of any given 
shape and size, to be placed at an infinite distance from it, 
and from any other over or undercharged body; and let B 
contain the same quantity of electric fluid, as if it communi- 
cated with a by a canal of incompressible fluid: then if B is 
overcharged, he calls a positively electrified; and if it is 
undercharged, he calls a negatively electrified; and the 
greater the degree in which sB is over or undercharged, the 
greater is the degree in which 4 is positively or negatively 
electrified. 


It appears from the corol. to the 24th proposition, that if 
several bodies are insulated, and connected together by con- 
ducting substances, and one of these bodies is positively or 
negatively electrified, all the other bodies must-be electrified 
in the same degree: for suppose a given body B to be placed 
at an infinite distance from any over or undercharged body, and 
to contain the same quantity of fluid as if it communicated with 
oneof these bodies by a canal of incompressible fluid; all the 
rest of those bodies must, by that corol.,contain the same quantity 
of fluid as if they communicated with B by canals of incom- 
pressible fluid ; but yet it is possible that some of those bodies 
may be overcharged, and others undercharged: for suppose the 
bodies to be positively electrified, and let an overcharged body 
D be brought near ‘one of them, that body will become under- 
charged, provided D is sufficiently overcharged, and yet by the 
ee it will still be positively electrified in the same degree 
as before. | 


Moreover, if several bodies are insulated and connected toge- 
ther by conducting substances, and one of these bodies is elec- 
trified by excited glass, there can be no doubt but they will all 
be positively electrified ; for if taere is no other over or under- 
charged body placed near any of these bodies, the thing is 
evident ; and though some of these bodies may, by the approach 
of a sufficiently overcharged body, be rendered undercharged : 
yet he does not see how it is possible to prevent a body placed at 
an infinite distance, and communicating with them by a canal 
of incompressible fluid, from being overcharged. In like 
manner if one of tuese bodies is electrified by excited sealing 
wax, they will all be negatively electrified. 

It is impossible for any body communicating with the ground 
to be either positively or negatively electrified ; for the earth, 
taking the whole together, contains just fluid enough to saturate 
it, and consists in general of conducting substances ; and con- 
sequently though it is possible for small parts uf the surface of 
the earth to be rendered over or undercharged, by the approach 
of electrified clouds, or other causes ; yet the bulk of the earth, 
and especially the interior parts, must be saturated with elec- 


192 Phenomena of Electricity. 


tricity. Therefore assume any part of the earth which is itself 
saturated, and is at a great distance from any over or under- 
charged part; any body communicating with the ground, 
contains as much electricity as if it communicated with this 
part by a canal of incompressible fluid, and therefore is not at 
all electrified. 


If any body a, insulated and saturated with electricity, is 
placed at a pren distance from any over or undercharged 
body, it is plain that it cannot be electrified ; but if an over- 
charged body is brought near it, it will be positively electri- 
fied ; for supposing a to communicate with any body B, at 
an infinite distance, by a canal of incompressible fluid, it is 
plain that unless B is overcharged, the fluid in the canal could 
not be in equilibrio, but would run from a to Bb. For the same 
reason a body insulated and saturated with fluid, will be nega- 
tively electrified if placed near an undercharged body. 


§ 2. The phenomena of the attraction and repulsion of elec- 
trified bodies seem to agree exactly with the theory ; as will 
appear by considering the following cases. Case 1. Let two 
bodies, a and B, both conductors of electricity, and both placed 
at a great distance from any other electrified bodies, be brought 
near each other. Let a be insulated, and contain just fluid 
enough to saturate it; and let B be positively electrified. They 
will attract each other; for as 5 is positively electrified, and at 
a great distance from any overcharged body, it will be over- 
charged; therefore, on approaching a and B to each other, 
some fluid will be driven from that part of a which is nearest 
to B to the farther part: but when the fluid in a was spread 
uniformly, the repulsion of n on the fluid in a was equal to its 
attraction on the matter in it; therefore when some fluid is 
removed from those parts wiere the repulsion of B is strongest, 
tothose where it is weaker, B will repel the fluid in a with less 
force than it attracts the matter; and consequently the bodies 
will attract each other. 


Case 2. If. we now suppose that the fluid is at liberty to 
escape from out of 4, if it has any disposition to do so, the 
quantity of fluid in it before the approach of B being still suffi- 
cient to saturate it; that is, if a is not insulated and not elec- 
trified, p being still positively electrified, they will attract with 
more force than before: for in this case, not only some fluid 
will be driven from that part of a which is nearest to B to the 
opposite part, but also some fluid will be driven out of 4. It 
must be observed, that if the repulsicn of sB on a particle at £ 
fig. 19, the,farthest part of a, is very small in respect of its 
repulsion on an equal particle placed at p, the nearest part of 
A, the two bodies will attract with very nearly the same force, 
whether a is insulated or not; but if the repulsion of B, on a 
particle at E, is very near as great as on one at D, they will åt- 
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tract with very little force if a is insulated. For instance, let a 
small overcharged ball be brought near one end of a long con- 
ductor not electrified ; they will attract with very near the same 
force, whether the conductor be insulated or not; but if the 
conductor be overcharged, and brought near a small unelectri- 
fied ball, they will not attract with near so much force, if the 
ball is insulated, as if it is not. 


Case 3. If we now suppose that a is negatively electrified, 
and not insulated, it is plain that they will attract with more 
force than in the last case ; as a will be still more undercharged 
in this case than in the last. f 


N.B. In these three cases, we have not as yet taken notice of 
the effect which tbe body a will have in altering the quantity 
and disposition of the fluidin s ; but in reality this will make the 
bodies attract each other with more force than they would 
otherwise do; for in each of these cases the body a attracts the 
fluid in B; which will cause some fluid to flow from the farther 
parts of B to the nearer, and will also cause some fluid to flow 
into it, if it is not insulated, and will consequently cause B to 
act upon a with more force than it would otherwise do. 


Case 4. Let us now suppose that B is negatively electrified ; 
and let a be insulated, and contain just fluid enough to saturate 
it; they will attract each other; for B will be undercharged ; 
it will therefore attract the fluid in a, and will cause some fluid 
to flow from the farthest part of a, where it is attracted with 
less force, to the nearest part, where it is attracted with more 
force ; so that B will attract the fluid in a with more force than 
it repels the matter. 


Case 5 and 6. If a is now supposed to be not insulated and 
not electrified, B being still negatively electrified ; it is plain 
that they will attract with more force than in the last case: and 
if a is positively electrified, they will attract with still more 
force. | 

In these last three cases also, the effect which A has in altering 
the quantity and disposition of the fluid in B, tends to increase 
the force with which the two bodies attract. 


Case 7. It is plain that a non-conducting body saturated with 
fluid, is not at all attracted or repelled by an over or under- 
charged body, until, by the action of the electrified body on it, 
it has either acquired some additional fluid from the air, or had 
some driven out of it, or till some fluid is driven from one part 
of the body to the other. 


Case 8. Let us now suppose that the two bodies a and B are 
both positively electrified in the same degree. It is plain, that 
were it not for the action of one body on the other, they would 
both be overcharged, and would repel each other. But it may 
perhaps be said, that one of them as a may, by the action of the 
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other on it, be either rendered undercharged on the whole, or 
at Jeast may be rendered undercharged in that part nearest to 
B; and that the attraction of this undercharged part on a par- 
ticle of the fluid in B, may be greater than the repulsion of the 
more distant overcharged part: so that on the whole the body 
4 may attract a particle of fluid in B. If so, it must be affirmed 
that the body 8 repels the fluid in A; for otherwise, that part 
of a which is nearest to B could not be rendered undercharged. 
Therefore, to obviate this objection, let the bodies be joined by 
the straight canal pc of ee fluid (fig. 19). The 
body B will repel the fluid in all parts of this canal; for as a is 
supposed to attract the fluid in B, B will not only be more over- 
charged than it would otherwise be, but it will also be more 
overcharged in that part nearest to a, than in the opposite part. 
Moreover, as the near undercharged part of A is supposed to 
attract a particle of fluid in B, with more force than the more 
distant overcharged part repels it; it must, a fortiori, attract a 
particle in the canal with more force than the other repels it; 
therefore the body a must attract the fluid in the canal; and 
consequently some fluid must flow from s to a, which is im- 
possible; for as a and »B are both electrified in the same degree, 
they contain the same quantity of fluid as if they both com- 
municated with a third body at an infinite distance, by canals 
of incompressible fluid; and therefore by the corol. to prop. 24, 
if a communication is made between them by a canal of incom- 
pressible fluid, the fluid would have no disposition to flow from 
one to the other. 


Case 9. But if one of the bodies, as a, is positively electri- 
fied, in a less degree than n, then it is possible for the bodies 
to attract each other; for in this case the force with which B 
repels the fluid in a may be so great, as to make the body a 
either entirely undercharged, or at least to make the nearest 
part of it so much undercharged, that a shall on the whole at- 
tract a particle of fluid in 3. It may be worth remarking, 
with regard to this case, that when two bodies, both electrified 
positively but unequally, attract each other, you may by remo» 
ving them to a greater distance from each other, cause them to 
repel ; for as the stronger electrified body repels the fluid in 
the weaker with less force when removed to a greater distance, 
it will not be able to drive so much fluid out of it, or from the 
nearer to the farther part, as when placed at a less distance. 

Case 10 and 11. By the same reasoning it appears, that if 
the two hodies are both negatively electrified in the same de- 
gree, they must repel each other: but if they are both nega- 
tively electrified in different degrees, it is possible for them to 
attract each other. 

All these cases are exactly conformable to experiment. 
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Case 12. Let two cork balls be suspended by conducting 
threads, from the same positively electrified body, in such man- 
ner, that if they did not repel, they would hang close together : 
they will both be equally electrified, and will repel each other: 
let now an overcharged body, more strongly electrified than 
them, be brought under them; they will become lese over- 
cherged, and will separate less than before: on bringing the 
body still nearer, they will become not at all overcharged, and 
will not separate at all: and on bringing the body still nearer, 
they will become undercharged, and will separate again. 


Case 13. Let all the air of a room be overcharged; and let 
two cork balls be suspended close to each other by conducting 
threads communicating with the wall. By prop. 15, it is 
highly probable that the balls will be undercharged ; and there- 
fore they should repel each other. 


These last two cases are experiments of Mr. Canton’s, and 
are described in Phil. Trans. 1753, p. 850, where are other ex- 
periments of the same kind, all readily explicable by the fore- 
going theory. 

I have now, says Mr. C., considered all the principal or fun- 
damental cases of electric attractions and repulsions which I can 
oe of; all of which appear to agree perfectly with the 

eory. 

§ 3. On the cases in which bodies receive electricity from or 
part with it to the air. | 
Lemma 1. Let the body a. fig. 6, either stand near some over 
or undercharged body, or at a distance from any. It seems 
highly probable, that if any part of its surface, as MN, is over- 
charged, the fluid will endeavour to run out through that part, 
provided the air adjacent to it is not overcharged. 


For let o be any point in that surface, and P a point within 
the body, extremely near to it; itis plain that a particle of fluid 
at P, must be repelled with as much force in one direction as 
another (otherwise it could not be at rest) unless all the fluid 
between P and a is pressed close together, in which case it may 
be repelled with more foree towards a, than it is in the contrary 
direction: now a particle at @ is repelled in the direction pd, 
i- e. from P to e, by all the redundant fluid between P and d; 
and a particle at P is repelled by the same fluid in the contr. 
direction; so that as the poe at P is repelled with not less 
force in the direction pe than in the contrary, Mr. C. does not 
see how a particle at @ can help being repelled with more force 
in that direction than the contrary, unless the air an the out- 
side of the surface mN was more overcharged than the space 
between P and 0. 


In like manner, if any part of the surface is undercharged, 
the flnid will have a tendency to run in at that part from the 
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air. The truth of this is somewhat confirmed by the 3d pro- 
blem; as in all the cases of that problem, the fluid was shown 
to have a tendency to run out of the spaces aD and EH, at an 
surface which was overcharged, and to run in at any whi 
was undercharged. 


Corol. 1. If any body at a distance from other over or under- 
charged bouies, be positively electrified, the fluid will gradually 
run out of it from all parts of its surface into the adjoining air ; 
as it is plain that all parts of the surface of that body will be 
overcharged : and if the body is negatively electrified, the fluid 
will gradually run into it atall parts of its surface from the 
adjoining air. 

Corol 2. Let the body a, fig. 6, insulated, and containing 
just fluid enough to saturate it, be brought near the overcharged 
body s; that part of the surface of a which is turned towards 
B will, by prop. 2, be rendered undercharged, and will there- 
fore imbibe electricity from the air ; and at the opposite surface 
Rs, the fluid will run out of the body into the air. 


Corol. 3. If we now suppose that a is not insulated, but com- 
municates with the ground, and consequently that it contained 
just fluid enough to saturate it before the approach of B, it is 
plain that the surface mn will be more undercharged than be- 
fore; and therefore the fluid will run in there with more force 
than before ; but it can hardly have any disposition to run out 
at the opposite surface xs; for if the canal by which A com- 
municates with the ground is placed opposite to B, as in fig. 5, 
then the fluid will run out through that canal, till it has no 
longer any tendency to run out at Rs; and by the remarks at 
the end of prop. 27, it seems probable that the fluid in a will be 
nearly in the same quantity, and disposed nearly in the same 
manner, into whatever part of a the canal is inserted, by which 
it communicates with the ground. 


Corol. 4. If s is undercharged, the case will be reverse; that 
is, it will run out where it before ran in, and will run in where 
it before ran out. 


As far as I can judge, these corollaries seem conformable to 
experiment: thus far is certain, that bodies at a distance from 
other electrified bodies receive electricity from the air, if nega- 
tively electrified, and part with some to it if positively electri- 
fied: and a body not electrified, and not insulated, receives elec- 
tricity from the air if brought near an overcharged body, and 
loses some when brought near an undercharged body: and a 
body insulated and containing its natural quantity of fluid, in 
some cases receives, and in others loses electricity, when brought 
near an over or undercharged body. 


§ 4. The well-known effects of points in causing a quick dis- 
charge of electricity seem to agree very well with this theory. 
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It appears from the 20th proposition, that if two similar 
bodies of different sizes are placed at a very great distance from 
each other, and connected by a slender canal, and overcharged, 
the force with which a particle of fluid, placed close to corres- 
ponding parts of their surface, is repelled from them, is inversely 
as the corresponding diameters of the bodies. If the distance 
of the two bodies is smal], there is not so much difference in 
the force with which the particle is repelled by the two bodies ; 
but still, if the diameters of the two bodies are very different, 
the particle will be repelled with much more force from the 
smaller body than from the larger. It is true indeed, that a 
particle placed at a certain distance from the smaller body, will 
be repelled with less force than if it be placed at the same dis- 
tance from the greater body; but this distance is, he believes, 
in most cases pretty considerable ; if the bodies are spherical, 
and the repulsion inversely as the square of the distance, a par- 
ticle placed at any distance from the surface of the smaller body, 
less than a mean proportional between the radii of the two 
bodies, will be repelled from it with more force, than if it be 
placed at the same distance from the larger body. 


Mr. C. thinks, therefore, that we may be well assured, that if 
two sinilar bodies are connected together by a slender canal, 
and are overcharged, the fluid must escape faster from a smaller 
body than from an equal surface of the larger; but as the sur- 
face of the larger body is greatest, he does not know which 
body ought to lose most electricity in the same time ; and in- 
deed it seems impossible to determine positively from this 
theory which should, as it depends in great measure on the 
manner in which the air opposes the entrance of the electric 
fluid into it. Perhaps in some degrees of electrification the 
smaller body may lose most, and in others the larger. 


Let now Ach, fig. 18, be a conical point, standing on any 
body pas, c being the vertex of the cone; and let pas be over- 
charged: Mr. C. imagines that a particle of fluid placed close 
to the surface of the cone, anywhere between b and o, must be 
repelled with at least as much, if not more force, than it would, 
if the part aabs of the cone was taken away, and the part acb 
connected to DaB by a slender canal; and consequently, from 
what has been said before, it seems reasonable to suppose that 
the waste of electricity from the end of the cone must bevery 
great im proportion to its surface; though it does not appear 

this reasoning, whether the waste of electricity from the 
whole cone, should be greater or less than from a cylinder of 
the same base and altitude. All that has been here said relating 
to the flowing out of electricity from overcharged bodies, holds 
equally true with regard to the flowing in of electricity into 
undercharged bodies. 


But a circumstance which, he believes, contributes as much 
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as anything to the quick discharge of electricity from points, is 
the swift current of air caused by them, and taking notice of by 
Mr. Wilson and Dr. Priestley (vide Priestley, p. 117 and 591); 
and which is produced in this manner. Ifa globular body asp 
is overcharged, the air close to it, all round its surface, is ren- 
dered overcharged, by the electric fluid, which flows into it 
from the body; it will therefore be repelled by the hody ; but 
as the air all round the body is repelled with the same force, it 
is in equilibrio, and has no tendency to fly off from it. If now 
the conical point acB be made to stand out from the globe, as 
the fluid will escape much faster in proportion to the surface 
from the end of the point, than from the rest of the body, the 
air close to it will be much more overcharged than that close to 
the rest of the body ; it will therefore be repelled with much 
more force; and consequently a current of air will flow along 
the sides of the cone, from B towards c; by which means there 
is a continual supply of fresh air, not much overcharged, 
brought in contact with the point; whereas otherwise the air 
adjoining to it would be so much overcharged, that the electri- 
city would have but little disposition to flow from the point into 
it. 

The same current of air is produced in a less degree, without 
the help of the point, if the body, instead of being globular, is 
oblong or flat, or has knobs on it, or otherwise formed in such 
manner as to make the electricity escape faster from some parts 
of it than the rest. 


In like manner, if the body asp be undercharged, the air 
adjoining to it will also be undercharged, and will therefore be 
repelled by it; but as the air close to the end of the point will 
be more undercharged than that close to the rest of the body, it 
will be repelled with much more force ; which will cause exactly 
the same current of air, flowing the same way, as if the body 
was overcharged; and consequently the velocity with which 
the electric fluid flows into the body, will be very much in- 
- creased. Mr. C. believes indeed that it may be laid down as a 
constant rule, that the faster the electric fluid escapes from any 
body when overcharged, the faster will it run into that body 
when undercharged. 


Points are not the only bodies which cause a quick discharge 
of electricity ; in particular, it escapes very fast from the ends 
of long slender cylinders; and a swift current of air is caused 
to flow from the middle of the cylinder towards the end: this 
will easily appear by considering, that the redundant fluid is 
collected in much greater quantity near the ends of the cylin- 
ders, than near the middle. The same thing may be said, but 
he believes in a less degree, of the edges of thin plates. 


What has just been said concerning the current of air, serves 
to explain the reason of the revolving motion of Dr. Hamilton's 
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and Mr. K innersley's bent pointed wires, vide Phil Trans. vol. 
‘51, p. 905, and vol. 53, p. 86; also Priestley, p. 429: for the 
same repulsion which impels the air from the thick part of the 
wire towards the point, tends to impel the wire in the contrary 
direction. 

It is well known, that if a body s is positively electrified, and 
another body a, communicating with the ground, be then 
brought near it, the electric fluid will escape faster from B, at 
that part of it which is turned towards 4, than before. This is 
plainly conformable to theory ; for as a is thus rendered under- 
charg d, 8 will in its turn be made more overcharged, in that 
part of it which is turned towards a, than it was before. But 
it is also well known, that the fluid will escape faster from B, if 
a be pointed, than if it be blunt; though B will be less over- 
charged in this case than in the other; for the broader the sur- 
face of A, which is turned towards B, the more effect will it have 
in increasing the overcharge of 8. The cause of this phenome- 
non is as follows: 


If a is pointed, and the pointed end turned towards s, the air 
elose to the point will be very much undercharged, and there- 
fore will be strongly repelled by a, and attracted by B, which 
will cause a swift current of air to flow from it towards n, by 
which means a constant supply of undercharged air will be 
brought in contact with B, which will accelerate the discharge 
of electricity from it in a very great degree: and moreover, the 
more pointed a is, the swifter will be this current. If, on the 
other hand, that end of A which is turned towards B, is so blunt, 
that the electricity is not disposed to run into a faster than it is 
to run out of B, the air adjoining to B may be as much over- 
charged as that adjoining to a is undercharged ; and therefore 
may, by the joint repulsion of B and attraction of a, be impelled 
from B to a, with as much or more force than the air adjoining 
to a is impelled in the contrary direction; so that what little 
current of air there is may flow in the contrary direction. 


It is easy applying what has been here said to be the case in - 
which B is negatively electrified. 

§ 5. In the paper of Mr. Canton’s, quoted in the 2nd section, 
and in a paper of Dr. Franklin’s, (Phil. Trans., 1755, p. 300, 
and Franklin’s letters, p. 155) are some remarkable experi- 
ments, showing that when an overcharged body is brought near 
another body, some fluid is driven to the farther end of this 
body, and also some driven out of it, if it is not insulated. The 
experiments are all strictly conformable to the 11th, 12th, and 
{3th propositions, but it is needless to point out the agreement, 
as the explanation given by the authors does it sufficiently. 


§ 6. On the Leyden Vial.—The shock produced by the Leyden 
vial, seems owing only to the great quantity of redundant fluid 
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collected on its positive side, and the great deficiency on its ne- 
gative side ; so that if a conductor was prepared of so great a 
size, as to be able to receive as much additional fluid by the 
same degree of electrification, as the positive side of a Levden 
vial, and was positively electrified in the same degree as the 
vial, he does not doubt but what as great a shock would be pro- 
duced by making a communication between this conductor and 
the ground, as between the two surfaces of the Leyden vial, 
supposing both communications to be made by canals of the 
same length and same kind. 


It appears plainly from the experiments which have been 
made on this subject, that the electric fluid is not able to pass 
through the glass; but yet it seems as if it was able to pene- 
trate without much difficulty to a certain small depth, perhaps 
he might say an imperceptible depth, with the glass; as Dr. 
Franklin's analysis of the Leyden vial shows that its electricity 
is contained chiefly in the glass itself, and that the coating is 
not greatly over or undercharged. 


It is well known that glass is not the only substance which 
can be charged in the manner of the Leyden vial ; but that the 
same effect may be produced by any other body, which will. 
not suffer the electricity to pass through it. 


Hence the phenomena of the vial seem easily explicable by 
means of the 22nd proposition. For let acem, fig. 20, represent 
a flat piece of glass, or any other substance which will not suf- 
fer the electric fluid to pass through it, seen edgewise ; and let 
BbdD, and kefr, or Bd and Ef, as he calls them for shortness, be 
two plates of conducting matter of the same size, placed in 
contact with the glass opposite to each other; and let Bd be 
positively electrified ; and let xf communicate with the ground; 
and let the fluid be supposed either able to enter a little way 
into the glass, but not to pass through it, or unable to enter it 
at all; and if it is able to enter a little way into it, let 533d, or 
or b>, as he calls it, represent that part of the glass into which 
the fluid can enter from the plate nd, and e, that which the fluid 
from Ef can enter. By the abovementioned proposition, if be, 
the thickness of the glass, is very small in respect of bd, the 
diameter of the plates, the quantity of redundant fluid forced 
into the space sd, or B>, that is, into the plate Bd, if the fluid 
is unable to penetrate at all into the glass, or into the plate nd. 
and the space b> together, if the fluid is able to penetrate into 
the glass, will be many times greater than what would be forced 


* The following explication is strictly applicable only to that sort of 
of Leyden vial, which consists of a flat plate of glass or other matter. It 
is evident however, that the result must be nearly of the same kind, though 
the glass is made into the shape of a bottle as usual, or into any other form ; 
but he proposes to consider those sort of Leyden vials more particularly in 
a future paper.— Orig. 
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into it by the same degree of electrification if it had been placed 
by itself; and the quantity of fluid driven out of e, will be 
nearly equal to the redundant fluid in 55. 


If a communication be now made between B and xe, by the 
canal NRs, the redundant fluid will run from B? to £; ; and if 
in its way it passes through the body of any animal, it wili, by . 
the rapidity of its motion, produce im it that sensation called a 
shock. 


It appears from the 26th proposition, that if a body of any 
size was electrified in the same degree as the plate Bd, and a 
communication was made between that body and the ground, 
by a canal of the same length, breadth, and thickness, as Ners ; 
that then the fluid in that canal would be impelled witn the 
same force as that in Nns, supposing the fluid in both canals to 
be incompressible ; and consequently, as the quantity of fluid to 
be moved, and the resistance to its motion, are the same in both 
canals, the fluid should move with the same rapidity in both: 
and he sees no reason to think that the case will be different, if 
the communication is made by canals of real fluid. 


Therefore what was said in the beginning of this section, 
namely, that as great a shock would be produced by making a 
communication between the conductor and the ground, as be- 
tween the two sides of the Leyden vial, by canals of the same 
length and same kind, seems a necessary consequence of 
this theory ; as the quantity of fluid which passes through 
the canal, is, by the supposition, the same in both; and there 
is the greatest reason to think, that the rapidity with which 
it passes will be nearly, if not quite the same, in both. Mr. 
C. h6pes soon to be able to say whether this agrees with ex- 
periment as well as theory. ' 


It may be worth observing, that the longer the canal nors is, 
by which the communication is made, the less will be the rapi- 
dity with which the fluid moves along it; for the longer the 
the canal is, the greater is the resistance to the motion of the 
fluid in it; whereas the force with which the whole quantity of 
fluid in it is impelled, is the same, whatever be the length of 
the canal. Accordingly, it is found in melting small wires, by 
directing a shock through them, that the longer the wire the 
greater charge it requires to melt it. 


As the fluid in B> is attracted with great force by the redun- 
dant matter in E-, it is plain that if the fluid is able to penetrate 
at all into the glass, great part of the redundant fluid will be 
lodged in ö; and in like manner there will be a great defi- 
ciency of fluid in e. But in order to form some estimate of 
the proportion of the redundant fluid, which will be lodged in 
ba, let the communication between rf and the ground be taken 
away, as well ag that by which sd is electrified; and let so 
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much fluid be taken from B', as to make the redundant fluid in 
it equal ta the deficient fluid in Ey. If we suppose that all the 
redundant fluid is collected in 63, and all the deficient in e?, so 
as to leave nd and Ef saturated ; then, if the electric repulsion 
is inversely as the square of the distance, a particle of fluid 
placed any where in the plane bd, except near the extremities b 
and d, will be attracted with very near as much force by the 
redundant matter in e, as it is repelled by the redundant fluid in 
bs; but if the repulsion is inversely as some higher power than 
the square, it will be repelled with much more force by b», than 
it is attracted by ee, provided the depth 63 is very small in re- 
spect of the thickness of the glass; and if the repulsion is 
inversely as some lower power than the square, it will be attrac- 
ted with much more force by es, than it is repelled by 62. 
Hence it follows, that if the depth to which the fluid can pene- 
trate, is very small in respect of the thickness of the glass, but 
yet is such that the quantity of fluid naturally contained in 63, 
or es, is considerably more than the redundant fluid in B3 ; then, 
if the repulsion is inversely as the square of the distance, almost 
all the redundant fluid will be collected in bs, leaving the plate 
Bd not very much overcharged ; and in like manner Ef will be 
not very much undercharged: if the repulsion is inversely as 
some higher power than the square, Bd will be very much over- 
charged, and Ef very much undercharged ; and if the repulsion 
is inversely as some lower power than the square, Bd will be 
very much undercharged, and Ef very much overcharged. 


Suppose now the plate Bd to be separated from the plate of 
glass, still keeping it parallel to it, and opposite to the same part 
of it that it before was applied to; and let the repulsion of the 
particles be inversely as some higher power of the distance than 
the square. When the plate is in contact with the glass, the 
repulsion of the redundant fluid in that plate, on a particle in 
the plane dd, id est, the inner surface of the plate, must be equal 
to the excess of the repulsion of the redundant fluid in b on it, 
above the attraction of Ee on it; therefore, when the plate Bd 
is removed ever so small a distance from the glass, the repulsion 
of the redundant fluid in the plate, on a particle in the inner 
surface of that plate, will be greater than the excess of the re- 
pulsion of b on it, above the attraction of £> ; for the repulsion 
of ġ will be much more diminished by the removal, than the 
attraction of Ef: consequently some fluid will fly from the plate 
to the glass, in the form of sparks: so that the plate will not be 
So much overcharged when removed from the glass, as it was 
when in contact with it. Mr. C. imagines however, that it 
would still be considerably overcharged. 


If one part of the plate is separated from the glass before the 
rest, as must necessarily be the case if it consists of bending 
materials, he guesses it would be at least as much, if not more, 


— 
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overcharged, when separated, as if it is separated all at once. 
In like manner, it should seem that the plate ef will be consi- 
derably undercharged, when separated from the glass, but not 
so much so as when in contact with it. From the same kind of 
reasoning he concludes, that if the repulsion is inversely as 
some lower power of the distance than the square, the plate gd 
will be considerably undercharged, and £f considerably over- 
charged, when separated from the glass, but not in so great a 
degree as when they are in contact with it. 


§ 7..There is an experiment of Mr. Wilke and Epinus, re- 
lated by Dr. Priestley, p. 258, called by them, electrifying a plate 
of air ; it consisted in placing two large boards of wood, covered 
with tin plates, parallel to each other, and at some inches asun- 
der. If a communication was made between one of these and 
the ground, and the other was positively electrified, the former 
was undercharged ; the boards strongly attracted each other ; 
and, on making a communication between them, a shock was 
felt like that of the Leyden vial. 


Mr. C. is uncertain whether, in this experiment, the air con- 
tained between the two boards is very much overcharged on 
one side, and very much undercharged on the other, as is the 
case with the plate of glass in the Leyden vial ; or whether the 
case is, that the redundant or deficient fluid is lodged only in 
the two boards, and that the air between them serves only to 
prevent the electricity from running from one board to the 
other; but whichever of these is the case, the experiment is 
equally conformable to the theory. 


It must be observed, that a particle of fluid, placed between 
the two plates, is drawn towards the undercharged plate, witha 
force exceeding that with which it would be repelled from the 
overcharged plate, if it was electrified with the same force, the 
other plate being taken away, nearly in the ratio of twice the 
quantity of redundant fluid actually contained in the plate, to 
that-which it would contain if electrified with the same force by 
itself; so that, unless the plate is very weakly electrified, or 
their distance is very considerable, the fluid will be apt to fly 
from one to the other, in the form of sparks. 


§ 8. Whenever any conducting body, as a, communicating 
with the ground, is brought sufficiently near an overcharged 
body n, the electric fluid is apt to fly through the air from B to 
4, in the form of a spark: the way by which this is brought 
about seems to be this. The fluid placed anywhere between 
the two bodies, is repelled from B towards a, and will conse- 
quently move slowly through the air from one to the other: 
now it seems as if this motion increased the elasticity of the air, 
and made it rarer: this will enable the fluid to flow in a swifter 
current, which will still further increase the elasticity of the air, 
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till at last it is so much rarefied, as to form very little opposi- 
tion to the motion of the electric fluid, on which it flies in an 
uninterrupted mass from one body to the other. 


In the same manner may the electric fluid pass from one body 
to another, in the form of a spark, if the first body communi- 
cates with the ground, and the other body is negatively electri- 
fied, or in any other case in which one body is strongly disposed 
to part with its electricity to the air, and the other is strongly 
disposed to receive it. 


In like manner, when the electric fluid is made to pass through 
water, in the form of a spark, as in Signor Beccaria’s* and Mr. 
Lane’st experiments, Mr. C. imagines that thé water, by the 
rapid motion of the electric fluid through it, is turned into an 
elastic fluid, and so much rarefied as to make very little opposi- 
tion to its motion; and when stones are burst or thrown out 
from buildings struck by lightning, in all probability that effect 
is caused by the moisture in the stone, or some of the stone itself, 
being turned into an elastic fluid. 


It appears plainly, from the sudden rising of the water, in 
Mr. Kinnersley’s electrical air thermometer, fp than when the 
electric fluid passes through the air, in the form of a spark, the 
air in its passage is either very much rarefied, or entirely dis- 

laced: and the bursting of the glass vessels, in Beccaria’s and 
ne’s experiments, shows that the same thing happens with 
regard to the water, when the electric fluid passes through it in 
the form of a spark. Now, Mr. C. saw no means by which the 
displacing of the air or water can be brought about, but by 
supposing its elasticity to be increased, by the motion of the 
electric fluid through it, unless you suppose it to be actually 
pushed aside, by the force with which the electric fluid en- 
deavours to issue from the overcharged body: but he can by 
no means think that the force with wich the fluid endeavours 
to issue, in the ordinary cases in which electric sparks are pro- 
duced, is sufficient to overcume the pressure of the atmosphere, 
much less than it is sufficient to burst the glass vessels in Bec 
caria’s and Lane’s experiments. 


The truth of this is confirmed by prop. 16. For, let an un- 
dercharged body be brought near to, and opposite to the end of 
a long cylindrical body, communicating with the ground ; by 
that proposition the pressure of the electric fluid against the base 
of the cylinder, is scarcely greater than the force with which 
the two bodies attract each other, provided that no part of the 
cylinder is undercharged ; which is very unlikely to be the case, 


è Elettricismo artificiale e natarale, p. 110. Priestley, p. 209. 
+ Phil. Trans. 1767, p. 451. 
t Phil. Trans. 1763, p. 84. Priestley, p. 216. 
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if the electric repulsion is inveredly as the square of the dis- 
tance, as he has great reason to believe it is; and consequently, 
if the spark was produced by the air being pushed aside, hy 
the force with which the fluid endeavours to issue from the 
cylinder, no sparks should be produced, unless the electricity 
was so strong, that the force with which the bodies attracted 
each other was as great as the pressure of the atmosphere against 
the base of the cylinder ; whereas it is well known, that a spark 
may be produced, when the force, with which the bodies attract, 
is very trifling in respect of that, 

We may frequently observe, in discharging a Leyden vial, 
that if the two knobs are approached together very slowly, a 
hissing noise will be perceived before the spark ; which shows, 
that the fluid begins to flow from cne knob to the other, 
before it passes in the form of a spark ; and therefore serves to 
confirm the truth of the opinion, that the spark is brought about 
in the gradual manner here described. 
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ROYAL VICTORIA GALLERY OF PRACTICAL 
SCIENCE, MANCHESTER. s 


Conversazione held on the Thursday, January 17th, 1841. 
W. Fairbairn, Esq., in the Chair. 


The Third Lecture on the Nutrition of Plants. By J. A. RAN- 
SOME, Esq.. Lecturer on Surgery, &c., at the Royal School 
of Medicine, &c., Pine-street ; Secretary to the Literary and 
Philosophical Society, Manchester. 


Mr.Ransome opened the proceedings,by observing that on two 
former occasions he had had an opportunity of bringing before 
the meeting the new views entertained by Liebeg in relation to 
the process of vegetable nutrition ; and, having fully developed 

ese views, there still remained an opportunity of making a 
Practical application of the subject. On the present occasion he 
wished for an audience exclusively of gentlemen, in order that 
he might the more readily enter into details, which he could 

rdly submit for discussion in a mixed assembly. In the an- 
nouncement of the subject for the evening, he had used a new 
term—the art of culture—which he considered an episode tothe 
Seneral course of lectures, which he was bound to deliver to 

em. The art of culture implied that some violence, gentle or 
otherwise, was done to assist natural processes—that artificial 
means were employed to produce certain effects. The agricul- 
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turist availed himself of the guidance of nature, to produce cer- 
tain effects, which nature herself could not effect, were his 
interference wanting. The main end of vegetable existence 
seemed to be the reproduction of means by which the species 
might be maintained. A few seeds, maturated by the parent 

lant, falling into.a suitable soil, would have answered this ob- 
ject, but this was not sufficient. It had been wisely ordered 
that where a higher class of beings depended on vegetables, for 
life and support, the reproduction should be made as abundant 
as possible. It was intended that the increase should be amply 
sufficient for the maintenance of the superior orders of creation. 
That abundance had been, up to the present time, materially 
increased by artificial means, and it was still doubtful whether 
it had as yet reached its maximum. The object of Professor 
Liebeg, was to show how, by the application of certain princi- 
ples, the production of a still greater abundance might be ob- 
tained. It was an object which every good citizen must have 
at heart ; for it had been well said that a man deserved well of 
his country who could make two ears of wheat grow where 
there was only one before. (Applause.) He (Mr. R.) considered 
himself merely as the expositor of Professor Liebeg, for his own 
knowledge of agriculture was slight, and his authority of little 
weight; but he would endeavour, as much as possible, to deli- 
ver the substance of Professor Liebeg’s book extemporaneously, 
as he (Mr. R.) knew it would be more interesting to the audi- 
ence than reading from a book. They had seen, on former 
occasions, that vegetables were compounded of four principal 
elements, carbon, oxygen, hydrogen, and nitrogen ; and in addi- 
tion to these there were certain traces of inorganic constituents 
which were found to follow the exact law of definite propor- 
tions, such as potash, soda, lime, magnesia, &c. Having 
pointed out the existence of carbon, oxygen, hydrogen, and ni- 
trogen in plant matter, Mr. Ransome showed that the carbonic 
acid was furnished to the plant through the medium of the air 
and water, and the leaves, and absorbed into the spongy part of 
the roots. The hydrogen and oxygen were derived from the 
rains furnished by dew or irrigation. The atmospheric air con- 
tained about 79 per cent. of nitrogen, but it was not probable 
that this was assimilated, but that it was furnished by the ammo- 
nia in the atmosphere or in the soil. The inorganic products, 
such as potash, soda, lime, magnesia, &c. he had shown on a 
former occasion to have been derived from the disintegration of 
the rocks of which the soil was composed. If they took a virgin 
soil, such as the first colonists of America were so fortunate as 
to discover, they would find that the seeds of plants sown in it 
would flourish according to their natural habitudes—that is, 
each would select a soil suitable to itself; if sown in a wrong 
Situation it would fail, but where it fell into ground suitable to 
it it would flourish. In South America they were able to ac- 
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complish a task which the English agriculturists could not ; they 
grew for upwards of 100 years successive crops of tobacco plants, 
but after 100 years the soil ceased to yield this produce ; it was 
exhausted—of what? not of carbon, that was provided from 
the air; water might be wanting in some localities, but where 
rain was not, there was abundance of dew. Ammonia also 
pervaded the atmosphere ; it was shewn in that room that it 
could be brought down by showers of rain. The exhaustion of 
the soil might in part depend on its heing robbed of the nitrogen, 
or the ammonia that furnished it. The abstraction of the nitro- 
gen would impoverish the soil. The impoverishment of the 
soil might also be attributed to the abstraction of the ook ap 
matter. The question then was how the exhaustion could be 
prevented —how the carbon, hydrogen, oxygen, and nitrogen, 
with the inorganic constituents, such as soda, lime, potash, mag- 
nesia, &c. could be preserved ? It had been shewn that plants 
would grow in the air without soil, yet these were exceptions ; 
most plants required soil, and in that soil there was a quantity 
of vegetable mould to which the name Aumus had been given 
by vegetable physiologists. The humus that exists in the soil, 
when brought into a state called coal of humus, was, in fact, a 
sponge which absorbed the oxygen, and formed carbonic acid, 
and then gave out the latter to the plant. We might expect to 
find in every good soil this vegetable mould or humus, and this 
ingredient increases after each crop. It would be considered 
bad husbandry for a man to grow two crops ot wheat in two 
successive years ; why? Some supposed the soil would be ex- 
hausted. But Decandolle and Macaire, who experimented on 
this subject, came to the conclusion, that although the plant 
tskes from the soil whatever is presented to it in a state of 
solution, it also excretes back to it those matters not useful for 
its own assimilation. They also found that it would ensure the 
destruction of a plant, to put it into the water where another 
plant of the same kind had grown and left its exofnentitions 
matter, showing that the excrement of one plant is the poison of 
another, of the same description. But plants of another species 
would flourish if put into this excrementitious matter, which 
also showed that the excrement of one plant contained the nu- 
triment of another. From these experiments Decandolle and 
Macaire were quite justified in coming to the conclusion that 
something was thrown off by one crop which would be injurious 
to another in the following year ; but if that matter could be ex- 
to the action of oxygen as it exists in the air or water 
particularly if the earth were turned up for tillage, so as to ex- 
_ pose a fresh surface, this excrementitious matter would under- 
go decompostion, and be reduced to a state of coal of humus or 
vegetable mould. This mus had another property, namely, 
that of assuming the form of humic acid, in which state it formed 
slightly soluble compounds with potash, lime, &c. This was 
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the dogma of the old physiologists, that humie acid united with 
lime, &c., became soluble and was taken up by the spongioles 
of the roots. Now it was found that the vegetable earth which 
contained this humic acid was injurious to the growth of plants, 
and that the earth which is mixed with it is unfit to be used un- 
til it is so thoroughly washed as to have lost the power of colour- 
ing the eater A these experiments it appeared that culti- 
vation did not diminish the quantity of carbonaceous matter in 
the soil, for each crop left behind it more than the preceding 
one exhausted—exhaustion therefore could not proceed from the 
diminution of carbon. The atmosphere contained a sufficient 
quantity of ammonia from which the plant could attract its 
nutriment, in a state of nature. Many of the wild piants did 
not require ammonia, but wheat and other plants used as 
nourishment in this country required a large proportion of it. 
Wheat possessed more nutritious qualities, in proportion to the 
nitrogen it contained than other plants. The supply of nitrogen, 
therefore, should be regarded as an artificial means of increasing 
the produce of the soil within certain limits. The next point of 
inquiry would be to ascertain from what source the loss of 
potash, magnesia, lime, &c., each succeeding crop takes from 
the soil, might be restored. It was obvious to all that, if in a 
crop so many paris of earthy and alkaline matter were abstracted 
from the soil, so much less would be left for the succeeding 
crop. They had then to look by what means this loss might be 
supplied. He would first begin with nitrogen. It was found 
that the destination of plants, besides the reproduction, was 
generally for the stomachs of animals. In fact, all animals de- 
rived the elements of their growth from plants. The animal 
takes this vegetable food into his stomach, part of it is assimi- 
lated for the growth of his body, and part is voided as excrement, 
the law of the case being, that whatever was solid and insoluble 
po off in excrement, whatever was soluble passed in the 

iquid, and whatever was volatile passed of in exhalations, either 
from the lungs or skin. Nitrogen was a volatile body, and, in 
its compound state, ammonia was highly volatile, but there was 
a beautiful provision by which the nitrogen in combination was 
kept solid for the purpose of agrieulture. The excretion which - 
contained the largest proportion of nitrogen was human urine. 
According to an analysis of Berzelius, 1000 parts of human 
urine contained :— 


rr! ]Q .. ⁵³ð¶ĩĩ ⅛ð v ĩ 0 
Free lactic acid, lactate of ammonia, and ani- 

mal matter, not separable from them...... 17.14 
Une acid- srecan reena wieekeeu ae 1.00 
Mucus of the bladder soose 0.32 
Sulphate of potass h . 3.71 


Sulphate of sole B ove 
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Phosphate of soduumm . r 2.94 
Phosphate of amnonuuiWuúͤᷣç·— 1.65 


Chloride of sodium suds e seca bower san 4.45 
M uriate of ammoniaaaa—-wᷓꝓ . veces 1.50 
Phosphates of magnesia and lime ...... ..... 1.00 
Siliceous ear tl 2 0.03 


Water soe eo % % %%% %%% „%% „„ „% „ „%. ĩ 933.00 


1000.00 

Those marked in italics were all the elements in the urine that 
contained nitrogen. If the urea were allowed to purify spontane- 
vusly—that is, to pass into that state in which it is used as ma- 
nure, all the urea in combinaton with lactic acid would be con- 
verted into lactate of ammonia, and that which was free into 
volatile carbonate of ammonia. In a necessary, if the muriatic 
acid were exposed, white fumes would indicate the combination 
of the ammonia and the acid; for when the urea undergoes this 
change, it is converted into carbonate of ammonia and free am- 
monia, both volatile products. Liebeg says, “If a basin filled 
with concentrated muriatic acid is placed in a common necessary, 
so that its surface is in free communication with the vapours 
which rise from below, it becomes filled after a few days with 
crystals of muriate. The ammonia, the presence of which the 
organs of smell amply testify, combines with the muriatic acid, 
and loses entirely its volatility, and thick cluuds, or fumes of the 
salt newly formed, hang over the basin.” In dung reservoirs, 
well constructed and protected from evaporation, this carbonate of 
ammonia was retained in the state of solution, and when the 
urine was spread over the land,. a part of the ammonia would 
escape with the water which evaporated, but another portion 
would be absorbed by the soil, if it contained either alumina, or 
iron, or gypsum. But, in general, only the muriate, phosphate, 
and lactate of ammonia remained iu the ground. It was these 
alone, therefore, which enabled the soil to exercise a direct in- 
fluence on plants during the progress of their growth, and a very 
smal] proportion of them escaped absorption by the roots. Thus 
we had one element, and by and by he would allude to the neg- 
lect of the agriculturists of this country in not taking better care 
of what was so very valuable, but which they were apt to consider 
not worth keeping. In Flanders and China this was justly con- 
sidered the best manure; but our farmers, by their neglect, be- 
nefitted their neighbours as much as themselves, by not preserving 
the ammoniacal gas from escaping. Amony the inorganic ele- 
ments contained in urine, were sulphate of potash, soda, chloride 
of sodium, phosphate of magnesia, alum, and siliceous earth. 
Might they not see in this, at once, the stock which supplied the 
waste produced in the soil by the growth of plants, and that these 
elements, taken from the soil into the body, were found of no 
use, and returned back to the soil again. In the solid excre- 
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ments of animals—in the cow, the sheep, the horse, and man him- 
selt, was found a greater or less proportion of azote ; perhaps in 
the cow there was the least proportion, in the horse and sheep not 
much more, and in the body of man the largest proportion of all. 
In the cow, the proportion would be one-half per cent.; in the 
horse, one per cent.; and in man, from the peculiar nature of 
his food, it amounted to much more; and in the pig there was 
most of all. The horse, cow, and sheep, devoured the grass as it 
grew in the field; they took in the azote it contained, and assimi- 
lated what was necessary for themselves, and gave off the surplus 
in various ways. The cow gave it off in her milk or urine, but 
more especially in the milk, which was highly nutritious. It 
passed off from the surface as well as in the excremeut of man, 
in whom the proportion varied from one half to five per cent. 
But even here there was a difference between the man who lived 
in the country, and the man who resided in town. The former 
lived chiefly on farinaceous food, being unable to procure animal 
food, and therefore there was a smaller proportion in his excre- 
ments than in those of the town-fed man, who consumed a greater 
proportion of animal food. The town-fed man took in a greater 
quantity of azote than his body required, which was afterwards 
given out in solid excrement and urine. Of all the manures de- 
rived from towns, the excrement of man was considered the most 
nourishing. But there were other sources from which the inor- 
ganic elements of plants could be derived. If, for example, we 
wanted to supply the land with a sufficiency of phosphates; we 
had the choice of ashes of oak, beech, pine, fir, or Norway pine. 
In the ashes of oak there were only the traces of phosphate, in 
beech there was twenty per cent of the phosphate of soda, pine 
and fir had from nine to fifteen per cent., but the Norway pine 
had only 1.8 of phosphoric acid. With every 100lbs. of the lixi- 
viated ashes of the beech spread over the soil, we could furnish as 
much phosphate as 460lbs. of fresh human excrement could yield. 
According to the analysis of De Saussure, 100 parts of the ashes 
of the grain of wheat contained 32 parts of soluble, and 44.5 of 
insoluble phosphates, in all 76.5 parts. The ashes of wheat straw 
contanied 11.5 per cent. of the same salts; hence, with every 
100lbs. of the ashes of the beech, a field might be supplied with 
phosphoric acid sufficient for the production of 3820lbs. of straw, 
and of from 15,000lbs. to 18,000]bs. of corn. It was also found 
that when an animal died, and all his secretions ceased, the bones 
were still useful as manure, and they had this advantage, that 
they could be kept almost any number of years. Bones contained 
phosphate of lime and phosphate of magnesia ; they also contained 
gelatine, and albumen according to others, and this was rich in ai- 
trogen. Eight pounds of bones contained as much of the inor- 
ganic elements as 1000lbs. of hay or wheat straw, or 4000lbs. of 
the grain of wheat or oats. The advantages of bone manure were 
pretty well appreciated in this country, and in Flanders and China. 
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With respect to the excrements of cows, black cattle, and sheep, 
these contained phosphate of lime, common salt, and silicate of 
potash, The nature of the excrements were found to vary with 
the elements which the animal had taken in, and always consisted 

of the elements which the body found unfit for its own purposes. 
Human fæces, or excrements, according to an exact analysis fur- 
nished by Berzelius, contained, besides three-fuurths of their 
Weight in water, nitrogen in very variable quantity, namely, in the 
minim um 14, in the maximum five per cent. In all cases, how- 
ever, they were richer in this element than the excrements of 
most other animals. Berzelius obtained by the incineration of 
100 parts of dried excrements, 15 parts of ashes, which were 
principally composed of the phosphates of lime and magnesia, 
both of which enter into the composition of the husk of wheat. 
With respect to vegetable feeders, such as the horse, cow, and 
sheep, the excrements of the two latter restored to the land the 
silicate of potash, and salts of phosphoric acid, which was re- 
mored from it in the shape of corn, roots, or grain, and the ex- 
crements of the horse gave back to the soil „ oſ magnesia, 
and silicate of patash ; and the straw which they used as a litter, 
restored a further quantity of silica of potash and phesphates, 
which, if the straw were putrified, would be exactly in the same 
condition in which they were before being assimilated. It was 
evident, therefore, that a farm containing a certain number of 
human beings, and a certain portion of which was allotted for the 

ing of cattle and the growing of corn, would be very little 

impoverished if the excrements of the human beings and cattle 
were carefully distributed over it every year. In tho case of a 
number of young children being born and reared on the farm, 
the alteration in the land would still be very little ; for, supposing 
the children continued there till they reached maturity, and con- 
sequently assimilated a great proportion of the inorganic matter, 
let them die and be given back to the ground, and then it would 
contain as much as it did at first. This shewed the necessity 
of using over again the excrements as mannre for the purpose 
of reproduction; and it also shewed the fallacy of much that 
had been said about excessive population and a deficiency of 
food ; for the supply of food seemed to be always in proportion 
to the increase of population, (within certain limits,) and the 
means of returning to the soil the necessary elements. 

The Chairman.— In this case do you suppose that the inhabi- 
tants consume all the produce? 


Mr. Ransome.— Yes. 

The Chairman.—If the population is redundant, do you sup- 
pose a consequent impoverishment of the soil ? 

Mr. Ransome said he had taken a hypothetical case—a farm 
of a given extent, supporting a certain number of animals during 
a cycle of years. 


` 
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The Chairman.—If I understand you right the animals and 
the men would consume that produce. 


Mr. Ransome.—Yes. Sometimes, however, an animal would 
be satisfied with eating a certain quantity, and sometimes he 
would eat more than was required for his sustenance; a fault 
not confined to brutes—man also often takes a little too much. 
In the excrements of animals some of the surplus passed through 
unchanged, and Liebig remarks that “ we cover our fields every 
year with the seed of weeds, which, from their nature and form 
pass undigested along with the excrements through animals 
without being deprived of their power of germination ; and yet 
it is considered surprising that where they have once flourished 
they cannot again be expelled by all our endeavours: we think 
it very astonishing, while we really sow them ourselves every 
year. A famous botanist attached to the Dutch embassy to 
China could scarcely find a single plant on the corn fields of the 
Chinese, except the corn itself.” By thus spreading over our 
corn fields the excrements of animals, we impregnate the soil 
with the seeds of weeds, which interrupt the growth of the 
crops we are seeking to cultivate. In Flanders and China ani- 
mal excrements are thought little of, while human excrements 
are highly prized ; and urine, a manure which in this on 
is perhaps most neglected, is with them considered best ofall. 
When exposed for a length of time to the air, urea undergoes 
decomposition, uric acid and lactate of ammonia undergo decom- 
position, and free ammonia escapes into the air. What is left 
behind is collected for the purpose of manuring the ground; 
but it has lost the principal element which should have been 
saved—namely, ammonia, which, passing into the air, benefits 
the neighbouring farmer as much as him who collects it. This 
gives rise to the question, can it not be economised? In China 
we know they take the greatest care of it. Mr. Ransome then 
referred to what he had said on a former occasion respecting the 
influence of gypsum and muriate of lime, which, in certain cir- 
cumstances, converted carbonate of ammonia into sulphate and 
muriate of ammonia. He also showed, on that occasion, that 
some earths had an affinity for ammonia. Professur Liebig 
proposed that wherever urine was kept for the purpose of 
manure, that it should be mixed, before it underwent decom- 
position, with coarsely powdered gypsum, or sulphate of lime. 
By this means the ammonia, instead of escaping into air, became 
fixed, and could be removed to the soil. This kind of manure 
was exceedingly useful in breaking up the masses of which the 
earth was composed, subdividing it and otherwise improving its 
mechanical texture. Having seen from what source nitrogen, 
phosphates of soda and lime, &c., might be derived, and also how 
they might be diminished, he would next come to the question, 
in what proportions were they to be added to the soil? If a 
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proportion greater than nature pointed out were used, the plants 
would be over-stimulated, and the produce would be diminished. 
It was necessary, therefore, to observe a medium in the use of 
these means ; fur, supposing that the presence of nitrogen gave 
the plant a power of assimilating more rapidly the carbon, the 
oxygen, and the hydrogen, for wherever these three existed 
they were generally in combination with the vesicle or mem- 
brane that contained the nitrogen, yet the quality of some plants 
would undergo a change on account of the extra proportion 
of nitrogen. Wheat, for instance, would deteriorate in quality, 
and potatoes also. The latter would contain less starch, be 
larger, and have more cells; they would be waxy, and in 
Lancashire he could hardly expect such a change would be 
considered advantageous. The suggestion of Professor Liebig 
respecting the use of the bone manure was important. He 
said, that instead of allowing the bones, simply after pulver- 
ization, to be sprinkled over the fields, they should be mixed 
with half their weight of sulphuric acid, and after remaining 
in contact for some time, to be diluted with 800 or 1,000 parts 
of water, and then sprinkled over the soil. This would render 
the ground far more productive than if a course powder were 
3prinkled over its surface. The sandy soils of the South 
American coast were rendered fertile by a process not unlike 
that produced by the use of the urine of men and animals. 
They were manured by a substance called guano, consisting 
of urate of ammonia and other ammoniacal salts found in the 
islands of the Pacific, and abundant crops were produced. The 
idea was taken from the fertility produced by the feces of 
carnivorous birds, which were analogous to those of serpents. 
The next point to which he would draw their attention was, 
that if they supplied the land with nitrogen, and at the same 
time omitted to supply it with potash, soda, magnesia, alumina, 
or other inorganic substances, they would do it more harm than 
good. This had been practically decided in the vineyards, in 
the neighbourhood of the Rhine, where some persons were in 
the habit of manuring their vines with the cuttings of horn, 
and bone powder, by which means they forced the growth of 
the vines, and increased the quantity of their produce; but as 
they neglected to supply their vines with inorganic elements 
which were necessary for the plants, they completely ruined 
their vines. There was one poor man in that place, whose sole 
dependence was on the produce of his vineyard, and as he was 
not able to manure his vines after the expensive manner of his 
neighbours, with an ingenuity which did him credit, he dis- 
covered a method of renewing his vines, which were almost 
worn out, and which were the only support of his old age. He 
observed, that wherever the cuttings of the vine were buried, 
the grass sprung up most luxuriantly ; and he reasoned thus: 
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“Tf the grass springs up luxuriantly on account of these cut- 
tings, why may not the vines? Accordingly he applied the 
cuttings round the roots of the vines—inorganic elements being 
thus supplied to the plants, his vineyard from being the poorest 
soon became the richest in the neighbourhood. In what part 
of the plant were these inorganic elements found? In a spread- 
ing tree they were in the largest proportion in the leaves, next 
in the branches, and least of all in the trunk. At the autum- 
nal fall of the leaf they were once more returned to the soil, 
where they were again taken in at the spongy parts of the 
roots, and thus the foliage and growth of the tree were renewed 
from year to year. These were points bearing on practical cul- 
ture, but there were one or two curiosities connected with it 
which he would be wrong to omit. On a former occasion he 
observed that one plant might contain potash, and another of 
the same kind soda, which shewed that there was a principle of 
substitution in existence. This was proved in the case of a 
certain maratime plant, salso alkali, which, when growing on 
the shore contained soda as its alkaline principle, but if sown on 
land where there was no soda, it would produce seeds contain- 
ing one half soda and one half potash: but the plants from 
these seeds would produce nothing but potash, shewing how one 
poe might replace another, where nothing else could be had. 
n some samples of the Jesuit's bark it was found that the pro- 
portion of quinine was very trifling, but whenever this was the 
case, the deficiency was supplied by lime. On the other hand 
with respect to acid, there was plenty of opium that had none 
of its peculiar acid, the meconic, but the deficiency was replaced 
by sulphuric acid ; so that it might be sometimes neceszary to de- 
prive the soil of some of its inorganic elements, in order that a 
plant having deficiency of one acid or alkali, might be com- 
55 by the supply of another of its own secretion. In 
ooking forward, therefore, to a crop, the first question would 
be, what does the soil contain? and the next, what will the 
crop; which may be expected from the soil, contain? And if 
it were found that no relation or correspondence existed between 
the crop and the soil, success could not be expected ; and thus 
the interference of the art of culture was called into existence. 
I have thus, gentlemen, (said Mr. Ransome,) endeavoured, 
as well as I could from memory, to bring before you some of 
the facts recorded in Professor Liebig's book, and I hope the 
seeds which have been thus cast on the earth, may bring forth 
fruit in such abundance, as will convince the most ignorant and 
the most prejudiced that science can do something for agricul- 
ture, and that l’rofessor Liebig, in sending forth this book, may 
be considered as the friend and benefactor of his species. 
(Applause. ) 
T e Chairman said, that as the subject was one of vast inter- 
est to the country, he would be happy to hear any observations 
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which any of the gentlemen present, some of whom were agri- 
culturists, might choose to offer. 

Mr. Read: I understood you to say, that Professor Liebig 
had given the amount of potash derived from the decomposition 
of the.rocks which produce it? 

Mr. Ransome: He takes a Hessian acre, which contains 
40,000 square feet, and says if that undergoes decomposition to 
the depth of 20 inches, a soil of fell spar would contain 
1, 152, 000lbs. clink stone, from 20,000 to 40,000]bs. basalt, 
from 47,500 to 75,000lbs. clay slate, from 100,000 to 200, Ooolbs. 
loam, from 87,000 to 300,000lbs. potash, is present in all clays: 
according to Fuchs it is contained even in marl. It has been 
found in all the argillaceous earth in which it has been sought. 
He shows that the inorganic element, potash, may be derived 
from the decomposition of rocks. An expert agriculturist could 
tell the certain constituents necessary to produce a crop. 


A gentleman said he was reminded by the observations of 
Mr. Ransome of what he had frequently seen in Cheshire, 
where the farmers had their dunghills elevated in such a way, 
that the fluid parts ran off and escaped, leaving them only the 
solid and inferior parts. 

The Chairman said that the farmers in Switzerland were very 
particular with regard to the preservation of their urine. They 
had pits to the depth of 84 feet below the surface of the ground, 
where, surrounded by a sort of wicker-work, the urine was 
preserved until it was mixed with loam, as Mr. Ransome des- 
cribed. 

Mr. Simpson knew a gentleman who considered it profitable 
to keep a pack of hounds, for by the wash from their kennel he 
obtained twelve loads of hay, where only three grew before. 


Mr. Moore said, he was sure the agriculturalists of the neigh- 
bourhood would consider themselves much obliged by the kind and 
able manner in which Mr. Ransome had introduced Professor 
Liebig’s book to their notice. His long connection with the 
Manchester agricultural society had afforded him (Mr. Moore) 
frequent opportunities of intercourse with intelligent farmers, who 
had often acknowledged the want of such a work; indeed hitherto, 
little had been known as to the comparative value of manures be- 
yond their chemical action. For instance, farmers had been well 
aware that, to make sandy or loose land retain a proper supply of 
water for vegetation, the addition of marl was necessary; and sand 
had been usefully applied to stiff clayey soils to render them less 
tenaceous of water, and to enable the roots of plants to spread 
themselves and range about more freely in search of food, whatever 
that food might be. Farmers also know, that upon | gs or exhaus- 
ted soils, they could get crops of potatoes, corn, and clover, by the 
addition of stable dung, either used by itself, or mixed with the 
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night soil, which Manchester furnishes to a very great extent; and 
upon newly reclaimed moss land, they could grow potatoes, turnips, 
or cabbage, with the same kinds of manure; but, before they at- 
tempted to produce wheat, oats, or barley, it was necessary to 
apply marl to enable the corn to support itself, there being no 
proper matter in the peat earth to furnish the flinty outside of the 
straw. Gardeners as well as farmers noticing the luxuriance with 
which hyacinths and other bulbous rooted plants flourish in water, 
have been naturally led to believe that water and the soluble matter 
it contained must have furmed the most important food of such 
plants; and the same persons observing many epiphytes would 
flower beautifully, although entirely disengaged from other plants, 
if they were suspended in an atmosphere containing a proper degree 
of moisture, could not help believing that this tribe of plants at 
least was supported by a supply of food from the air itself. The 
eat value of Liebig's book appeared to be this—that, when put 
into more familiar language, it will enable farmers to account for 
their failures as well as for their success under different manage- 
ment, and explain many interesting facts with which they have long 
been familiar in practice. Mr. Moore also observed, that as it was 
now ascertained that plants require access to the air by their roots, 
as well as by their leaves, the necessity and advantage of keeping 
land well drained and free from stagnant water was clearly demons- 
trated. To shew that the farmers near Manchester were not un- 
mindful of the advantages which that town affurded them, Mr. 
Moore said he had, about twelve years back, procured an account of 
the manure removed from the town on the Cheshire road, and 
found that more than twelve hundred carts passed weekly through 
the Cornbrook bar alone, laden with dung. Taking two-thirds of 
this manure to be applied to the growth of potatoes, which several 
intelligent farmers agreed with him in supposing would be the case, 
and reckoning upon a fair average crop, he found .that more than 
three hundred thousand loads of this most useful vegetable was 
‘thus procured, beside the corn and clover which, in the usual 
rotation of crops, would follow. In this way, when a judicious 
system of agriculture is pursued in the neighbourhood, the inhab.- 
tants of large towns are regularly relieved from unhealthy accumu- 
lations of offensive matter, and, by the wonderful arrangements of 
an Almighty Providence, are continually receiving back, in an 
endless variety of new and beautiful forms, a bountiful supply of, 
those simple elements which constitute the most nutritive und 
essential food of man. 


Mr. Day said that when Mr. Ransome spoke of urea as a 
manure, it reminded him of several fertile meadows in the 
neighbourhood of Edinburgh, whose production he found, on 
idquiry, to arise from their being overflowed several times a 
year by the common sewers of the city. This was a very 
extensive experiment, proving the fact mentioned by Mr. 
Ransome. If some provision were made in Manchester for the 
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preservation of urea, it would be of great benefit to the sur- 
rounding neighbourhood. 


The Chairman was surprised that in Edinburgh, where there 
were such excellent farmers—East Lothian particularly—there 
should be a waste of such material. He remembered that some 
time ago a joint-stock company was formed in London to pump 
up all the main sewers, and send their contents off by the rail- 
ways to the surrounding districts. If something of the kind 
had been done, it would have proved useful to society at large. 


Dr. Black said their was an immense reservoir in the vicinity 
of Paris for the reception of urine. 


Mr Ransome said that while this was a powerful manure, 
according to Liebig it would be still more so, if it were neutra- 
lized by some cheap mineral acid. 


Mr. Hopkins said that in Rome, not only did they throw all 
the sweepings of the street into the Tiber, but the refuse of 
public slaughter-houses ; such as the blood and animal excre- 
ments were also thrown in, and no one ever saw a single load 
of manure taken from Rome to the adjoining neighbourhood. 
It was to be hoped that such views as were developed that night 
would reach even Rome, and teach thé people of that country 
the necessity of preserving this valnable manure. He trusted 
that through the exertions of Mr. Ransome, Professor Liebig's 
book would soon be epitomized, and put into the hands of the 
farmers in a popular and familiar style of language, so that they 
might be able to enter into the views of the author, and add 
their experience to the scientific knowledge which he had 
brought to bear upon this subject. Farmers occasionally meet 
with facts, which they observe and act upon, but, being unable 
to account for them, these facts generally remained insolated 
and barren. When in Italy in 1814, he (Mr: H.) observed 
large trenches dug, and filled with sticks, in which the vines 
were planted. Un enquiring‘ he was told that the sticks wer, 
employed, because the roots of the vine would penetrate moke 
easily through them. Their idea was to diminish the mechani- 
cal resistance, but from what Mr. Ransome had stated, it was 
evident that they had planted their vines in the very best stra- 
tum that could be procured. They knew, by experience, the 
value of the sticks, but could not tell in what respect they were 
valuable. But as soon as science was united with the accidental 
experience ofthe practical man, the results would be of the 
most beneficial character. 

The Rev. W. Hutchinson said soda was not only useful as a 
manure, but also valuable in destroying snails, &c., which in- 
jured the plant. 

The Chairman observed that there was one important fact 
which should never be forgotten,—namely, draining and the 
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use of subsoil ploughs, which would let the air down to the 
roots of the plants, and increase their vegetation. He very much 
regretted that little attention was paid to culture in this country. 
If farmers paid sufficient attention to ploughing and draining, 
they would have double the usual produce. He trusted, that 
by a better system of culture than was hitherto adopted in this 
country, where agriculture was considered only as a secondary 
object, farmers would be able, not merely to grow twice, but three 
times the amount of produce now obtained from the surface of 
Great Britain and Ireland. 


Mr. Read: Mr. Ransome mentioned, that in South America 
the inhabitants made the sandy soils capable of producing abun- 
dant crops, by using an admixture of the fæces of carnivorous 
birds and serpents. 

Mr. Read said, that as we were informed in scripture that in 
time of scarcity the fourth part of a cale of doves’ dung sold -for 
five pieces of silver, he wished to know if there was any com- 
parative estimate of the prolific capability of that species of 
manure traced by Liebig? 


Mr. Ransome answered in the negative. 


Mr. Swindells said, that farmers had ascertained that bones 
were better manure after than before they were boiled. It 
they were applied to the soil without being boiled, they would 
not produce any eflect for two or three years, because the gela- 
tine should be dissolved before the ammonia could act on the 
phosphate of lime ; but when the gelatine became dissolved, the 
bones became a prolific manure. 


Mr. Ransome then read the following experiments and obser- 
vations on the action of charcoal on vegetation, by Edward 
Lucas. 

“ In a division of a low hothouse in the botanical garden at 
Munich, a bed was set apart for young tropical plants, but in- 
stead of being filled with tan, as is uaually the case, it was 
filled with the powder of charcoal, (a material which could be 
easily procured,) the large pieces of charcoal having been pre- 
viously separated by means ofa sieve. The heat was conducted 
by means of a tube of white iron into a hollow space in this bed, 
and distributed a gentle warmth, sufficient to have caused tan 
to enter into a state of fermentation. The plants placed in this 
bed of charcoal quickly vegetated, and acquired ahealthy appear- 
ance. Now, as always is the case in such beds, the roots of many 
of the plants penetrated through the holes in the bottom of the 
pots, and spread themselves out; but these plants evidently 
surpassed in vigour and general luxuriance P grown inthe 
common way, for example, in tan. Several of them, of which 
I shall only specify the beautiful Thunbergia alata, and the 
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genus Peireskia, throve quite astonishingly ; the blossoms of the 
former were so rich, that all who saw it affirmed they had never 
before seen such a specimen. It produced also a number of 
seeds without any artificial aid, while in most cases it is neces- 
sary to apply the pollen by the hand. The Peireskia grew so 
vigorously, that the P. aculeata produced shoots several ells in 
in length, and the P. grandifolia acquired leaves of a foot in 
length. These facts, as well as the quick germination of the 
seeds which had been scattered spontaneously, and the abun- 
dant appearance of young Filices, naturally attracted my atten- 
tion, and I was gradually led to a series of experiments, the 
results of which may not be uninteresting ; for, besides being 
of practical use in the cultivation of most plants, they demon- 
strate also facts of importance to physiology. ‘lhe first experi- 
ment which naturally suggested itself was, to mix a certain 
proportion of charcoal with the earth in which the different 
plants grew, and to increase its quantity according as the 
advantage of the method was perceived. An addition of two- 
thirds of charcoal, for example, for vegetable mould, appeared 
to answer excellently for the Gesneira and Gloxinia, and also fot 
the tropical Aroideæ with tuberous roots. The two first soon 
excited the attention of connoisseurs, by the great beauty of 
all their parts and their general appearance. They’surpassed 
very quickly those cultivated in the common way, both in the 
thickness of their stems and dark colour of their leaves; their 
blossoms were beautiful, and their vegetation lasted much 
longer than usual: so much so, that in the middle of November, 
when other plants of the same kinds were dead, these were quite 
fresh, and partly in bloom. Aroidræ took root very rapidly, 
and their leaves surpassed much in size the leaves of those not 
so treated ; the species, which are reared as ornamental trees on 
account of the beautiful colouring of their leaves, (I mean such 
as the Caladium bricolor, Pictium, Pecile, &c.,) were particu- 
larly remarked for the liveliness of their tints; and it happened 
here also, that the period of their vegetation was unusually long. 
A cactus, planted in a mixture of charcoal and earth, throve 
progressively, and attained donble its former size in the space 
of a few weeks. The use of the charcoal was very advantage- 
ous, with several of the Bromeliace and Siliacee, with the 
Citrus and Begonia also, and even with the Palmæ. The same 
advantage was was found in the case of almost all those plants 
for which sand is used in order to keep the earth porous, when 
charcoal was mixed with the soil instead of sand ; the vegeta- 
tion was always rendered stronger and more vigorous. ‘ At 
the same time that these experiments were performed with mix- 
tures of charcoal with different soils, the charcoal was also used 
free from any addition, and in this case the best results were 
obtained. Cuts of plants from different genera took root in it 
well and quickly. I mention only the Euphorbia Fastnoso and 
F ulgens which took root in ten days; Pandaus utilus in three 
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months, P. amaryllifolius, Chamœdorea elatior, in four weeks, 
Pipernigean, Begonia, Ficus, Cacropia, Chicocea, Buddleja, 
Hatrea, Phyllanthus, Capparis, Laurus, Stifftsa, Jacquinia, Mi- 
mosa, Cactus, in from eight to ten days, and several others; 
amounting to forty species, including Ilex and many others. 
Leaves, and pieces of leaves, and even dedimenti or petioles, 
took root in part budded in pure charcoal. Amongst others we 
may mention the fioliola of several of the Cycadece as having 
taken root, as also did parts of the leaves of the Begoniee Sel- 
sairice, and Tacarandu brasiliensis, leaves of Euphorbia fastnosa, 
Oxelis Barrilieri, Ficus, Cyclamen, Polyanthus, Mesembrian- 


themum; also, pieces of a leaf of the Aguve American, tufts 


~ 


of Pinus, &c., and all without the aid of a previously formed 
bud. 

“Pure charcoal acts excellently as a means of curing un- 
healthy plants. A Dorianthes exceloa, for example, which had 
been drooping for three years, was rendered completely healthy 
in a very short time by this means. An orange-tree, which had 
the very common disease in which the leaves became yellow ; 
acquired within four weeks its healthy green colour, when the 
upper surface of the earth was removed from the put in which 
it was contained, and a ring of charcoal of an inch in thickness 
strewed in its place around the periphery of the pot. The same 
was the case with the Gardemia. 


«I should be led too far, were I to state all the results of the 
experiments which I have made with charcoal. The object of 
this paper 1s merely to show the general effect exercised by this 
substance on vegetation, but the reader who takes particular 
interest in tLe subject, will find more extensive observations in 
the Allgemeine deutsche Garteuzeitung, of Otto and Dirtrich in 
Berlin. 


« The charcoal employed in these experiments was the dust 
like powder of charcoal from firs and pines, such as is used in the 
forges of blacksmiths, and may be easily procured in any quan- 
tity. It was found to have most effect when allowed to lie 
during the winter exposed to the action of the air. In order to 
ascertain the effects of different kinds of charcoal, experiments 
were also made upon that obtained from the hard woods and 
peat, and also upon animal charcoal, although I foresaw the 
probability that none of them would answer so well as that of 
pinewood, both on account of its porosity and the ease with 
which it is decomposed. It is superfluous to remark that in 
treating plants in the manner here described they must be plen- 
tifully supplied with water, since the air, having such free 
access, penetrates, and dries the roots, so that unless this pre- 
caution is taken, the failure of all such experiments is unavoid - 
able. 


“The action of charcoal consists primarily in its preserving 
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the parts of the plants with which it is in contact, whether they 
be roots, branches, leaves, or pieces of leaves, unchanged in 
their vital power for a long space of time, so that the plant ob- 
tains lime to develope the organs which are necessary for its 
further support and propagation. There can scarcely be a doubt, 
also, that the charcoal undergoes decomposition, for after being 
used five to six years it becomes a coaly earth, and if this is the 
case it must yield carbon, or carbonic oxide, abundantly to the 
plants growing in it, and thus afford the principal substance 
necessary for the nutrition of vegetables. In what other 
manner, indeed, can we explain the deep green colour and 
great luxuriance of the leaves and every part of the plants, which 
can be obtained in no other kind of soil, according to the opinion 
of men well qualified to judge. It exercises, likewise, a favour- 
able influence by decomposing and absorbing the matters 
absorbed [query, excreted] by the roots, so as to keep the soil 
free from the putrefying substances which are often the cause of 
the death of the spongiolæ. Its porosity, as well as the power 
which it possesses of absorbing water with rapidity, and, after 
its saturation, of allowing all other water to sink through it, are 
causes also of its favourable effects. These experiments show 
what a close affinity the component parts of charcoal have to all 
plants, for every experiment was crowned with success, although 
plants belonging to a great many different families were sub- 
jected to trial.” 


LETTER from WILLIAM STURGEON to the Editor of 
| the Nautical Magazine.” . 


Sta, 2 


In your number of the “ Nautical Magazine” for the 
present month, at the foot of page 110, you have inserted the 
following note, Doubtless Mr. Sturgeon’s remarks on Dr. 
Faraday were quite uncalled for.” I do not mean to say that 
your remark, in that note, was quite uncalled for, because I 
think it possible that you entertain an idea that there are some 
misstatements in my strictures on Dr. Faraday’s papers; and 
that you are prepared, and may probably have a wish, to point 
them out. To such a proceeding I can certainly have no ob- 
jection, nor can any one more cheerfully acknowledge any error 
m his scientific writings, than I should do, were they clearly 
and satisfactorily pointed out, either by you, or by any other 
gentlernan. But as I have, already, been led into a very un- 
pleasant and fruitless discussion, with Mr. Harris, on a question 
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of great national importance, it is my intention to avoid, as 
much as possible, again entering into discussion with such desul- 
toreous and unprepared reasoners: and, therefore, should you 
be inclined to enter the lists in favor of those papers of Dr. 
Faraday which I have called in question, I must request that 
you will draw no inferences but from those facts with which 
you are perfectly acquainted from your own experience, and 
that you strictly adhere to the subject matter which you under- 
take to discuss, without having recourse to other authority, and 
without allusion to any other subject or circumstance whatever. 
Upon these conditions, and these alone, can I be induced to de- 
vote much time to reply to any remarks you may think proper 
to. place before the readers of your magazine. 


As to the desultory clamonr in which Mr. Harris continues 
to indulge, in the“ Nautical Magazine, it being of the same 
stamp as that to which he has constantly resorted from the com- 
mencement of his defence of his lightning conductors, is not 
likely to have much weight on the minds of those who are qua- 
lified to judge of the matter: therefore, I must decline making 
any remark on the very sctenttfic and gentlemanly effusions 
which appear in your last number. My opinion, and the rea- 
sons for forming that opinion, of Mr. Harris’s marine lightning 
conductor, are very clearly stated in the fourth volume of tbe 
“ Annals of Electricity, &c.,” and in that volume and in the 
succeeding one, are the whole of my letters, in reply to the 
various attempts, that have since been made, to defend the pro- 
priety of those conductors being generally introduced to the 

oyal Navy. 

I have the honor to be, 
Sir, 
Your very obedt. Servt. 
WILLIAM STURGEON: 
Royal Victoria Gallery of Practical Science, 
Manchester, Feb. 22nd, 1841. 


¢ The paper alluded to, appears in the February No. of the“ Nautical 
Magazine,” in which Mr. Harris employs his usual pell mell style of rea- 
soning. The theme of this production, is an attempt to evade the effucts 
of my remarks on his unaccouhtable statement in page 53, vol. 5, of these 


Annals, viz. It is only in the absence of continuous conductors we find 


such magnetic effects, and éven then their occurrence is comparatively rare.” 
I do not intend to make any further remarks, on this point, than those 
already before my readers; but as I am uware of the interest with which 
original papers, containing data on controverted topics, are read, 1 have 
procured the following document from the Philosophical Transactions of 
the Royal Society, in which it will be found that Sir Humphrey Davy dis- 
covered that eloctric discharges, through good conductors, are productive of 
powerful magnetic action on steel; even though situated at a considerable 
distance from them, a fact now well known by every Electro-magnest. 
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Pair. Trans. POR 1820, PAGE 7. 
On the Magnetic Phenomena produced by Electricity; in a 
Letter from Sin H. Davy, Barr., to W. EI. Wollaston, M. D. 


P. R. S. 
Read Nov. 16, 1820. 


My Dear Sin, ; 

The similarity of the laws of electrical and magnetic 
attraction has often impressed philosophers: and many years 
ago, in the progress of the discoveries made with the voltaic 
pile, some enquirers (particularly M. Ritter,)* attempted to es- 
tablish the existence of an identity or intimate relation between 
these two powers ; but their views being generally obscure, or 
their experiments inaccurate, they were neglected ; the chemi- 
cal and electrical phenomena exhibited by the wonderful cpm- 
bination of Volta, at that time almost entirely absorbed the 
attention of scientific men,; and the discovery of the fact of 
the true connexion between electricity and magnetism, seems 
to have been reserved for M. Ersted, and for the present year. 

This discovery, from its importance and unexpected nature, 
cannot fail to awaken a strong interest in the scientific world ; 


> M. Ritter asserted that a needle composed of silver and zinc arranged 
itself in the magnetic meridian, and was slightly attracted and repelled by 
the poles of a magnet; and that a metallic wire, after being exposed in the 
voltaic circuit, took a direction N. E. and S. E. His ideas are so obscure, 
that it is often difficult to understand them: but he seems to have had some 
vague notion that electrical combinations, when not exhibiting their elec- 
trical tension, were in a magnetic state, and that there was a kind of electro- 
magnetic meridian depending upon the electricity of the earth. (See An. 
nales de Chimie, tome 64, p. 80.) Since this letter has been written, Dr. 
Marcet has been so good as to send me from Genoa some pages of Aldini on 
Galvanism, and of Izarn’s Manual of Galvanism, published at Paris more 
than sixteen years ago. M. Mojon, senior, of Genoa, is quoted in these 
pages, as having rendered a steel needle magnetic, by placing it in a vol- 
taic circuit for a great length of time. This, however, seems to have been 
dependent merely upon its place in the magnetic meridian, or upon an 
accidental curvature of it: But M. Romagnesi, of Trente, is stated to have 
discovered that the pile of Volta caused a deviation of the needle. The 
details are not given, but if the general statement be correct, the author 
could not have observed the same fact as M. Œrsted, but merely supposed 
that the needle had its magnetic poles altered after being placed in the vol- 
taic circuit as a part of the electrical combination. 
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and it opens a new field of enquiry, into which many expcri- 
menters will undoubtedly enter: and where there are so many 
objects of research obvious, it is scarcely possible that similar 
facts should not be observed by different persons. The pro- 
gress of science is, however, always promoted by a speedy 
publication of experiments ; hence, though it is probable that 
the phenomena which I have observed may have been disco- 
vered before, or at the same time in other parts of Europe, yet 
I shall not hesitate to communicate them to you, and through 
you to the Royal Society. 


I found in repeating the experiments of M. CErsted with a 
voltaic apparatus of one hundred pairs of plates, of four inches, 
that the south pole of a common magnetic needle (suspended 
in the usual way) placed under the communicating wire of the 
ae (the positive end of the apparatus being on the right 

and,) was strongly attracted by the wire, and remained in con- 
tact with it, so as entirely to alter the direction of the needle, 
and to overcome the magnetism of the earth. This I could 
only explain by supposing that the wire itself became magnetic 
during the passage of the electricity through it, and direct ex- 
periments, which I immediately made, proved that this was the 
case. I threw some iron filings on a paper, and brought them 
near the communicating wire, when immediately they were at- 
tracted by the wire, and adhered to it in considerable quantities, 
forming a mass round it ten or twelve times the thickness of 
the wire: on breaking the communication, they instantly fell 
off, proving that the magnetic effect depended entirely on the 
passage of the electricity through the wire. I tried the same 
experiment on different parts of the wire, which was seven or 
eight feet in length, and about the twentieth of an inch diame- 
ter, and found the iron filings were every where attracted, and 
the magnetic needle affected in every part of the circuit. 


It was very easy to imagine that such magnetic effects could 
not be exhibited by the electrified wire, without being capable 
of permanent communication to steel. I fastened several steel 
needles, in different directions, by fine silver wire to a wire of 
the same metal, of about the thirtieth of an inch in thickness, 
and eleven inches long, some parallel, others transverse, above 
and below in different directions ; and placed them in the elec- 
trical circuit of a battery of thirty pairs of plates of nine inches 
by five, and tried their magnetism by means of iron filings: 
they were all magnetic: those which were parallel to the wire 
attracted filings in the same way as the wire itself; but those in 
transverse directions exhibited each two poles, which being 
examined by the test of delicate magnets, it was found that all 
the needles that were placed under the wire (the positive end of 
the battery being east) had their north poles on the south side 
of the wire, and their south poles on the north side ; and that 
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those placed over, had their south poles turned to the south, and 
their north poles turned to their north ; and this was the case 
whatever was the inclination of the needles tothe horizon. On 
breaking the connection, all the steel needles that were on the 
wire in a transverse direction retained their magnetism, which 
was as powerful as ever, whilst those which were parellel to the 
silver wire appeared to lose it at the same time as the wire itself. 


I attached small longitudinal portions of wires of platinum 
silver, tin, iron, and steel, in transverse directions, to a wire of 
platinum that was placed in the circuit of the same battery. 
The steel and the iron wire immediately: required poles in the 
same manner as in the last experiment: the other wires seemed 
to have no effect, except in acting merely as parts of the elec- 
trical circuit: the steel retained its magnetism as powerfully 
after the circuit was broken as before ; the iron wire immediate- 
05 lost a part of its polarity, and in a very short time the whole 
of it. 


The battery was placed in different directions as to the poles 
of the earth, but the effect was uniformly the same. All needles 
placed transversely under the communicating wires, the positive 
end being on the right hand, had their north poles turned 
towards the face of the operator, and those above the wire their 
south poles: and on turning the wire round to the other side of 
the battery, it being in a longitudinal direction, and marking 
the side of the wire, the same side was always found to possess 
the same magnetism ; so that in all arrangements of needles 
transversely round the wire, all the needles above had north 
and south poles opposite to those below, and those arranged 
vertically on one side, opposite to those arranged vertically on 
the other side. 


I found that contact of the steel needles was not necessary, 
and that the effect was produced instantaneously by the mere 
juxta-position of the needle in a transverse direction, and that 
through very thick plates of glass; and a needle that had been 
placed in a transverse direction to the wire merely for an instant, 
was found as powerful a magnet as one that had been long in 
communication with it. 

J placed some silver wire of 1-20th of an inch, and some of 
1-50th, in different parts of the voltaic circuit when it was com- 
pleted, and shook some steel filings on a glass plate above them; 
the steel filings arranged themselves in right lines, always at 
right angles to the axis of the wire; the effect was observed, 
though feebly, at the distance of a quarter of an inch above the 
thin wire, and the arrangement in lines was nearly to the same 


length on each side of the wire. 


T ascertained by several experiments, that the effect was pro- 
portional to the quantity of electricity passing through a given 
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space, without any relation to the metal transmitting it; thus 
the finer the wires the stronger their magnetism. 


A zinc plate of a foot long and six inches wide, arranged 
with a copper plate on each side, was connected, by a very fine 
wire of platinum, according to your method; and the plates 
were plunged an inch deep in dilute nitric acid. The wire did 
not sensibly attract fine steel filings. When they were plunged 
two inches, the effect was sensible; and it increased with the - 
quantity of immersion. Two arrangements of this kind acted 
more powerfully than one; but when the two were combined 
so as to make the zinc and copper plates but parts of one com- 
bination, the effect was very much greater. , This was shown 
still more distinctly in the following experiment: Sixty zinc 
plates with double copper plates were arranged in alternate 
order, and the quantity of iron filings which a wire of a deter- 
minate thickness took up observed: the wire remaining thie 
same, they were arranged so as to make a series of thirty; the 
magnetic effect appeared more than twice as great ; that is, the 
wire raised more than double the quantity of iron filings. 


The magnetism produced by voltaic electricity, seems (the 
Wire transmitting it remaining the same) exactly in the same 
ratio as the heat; and however great the heat of the wire, its 
magnetic powers were not impaired. This was distinctly shown 
in transmitting the electricity of twelve batteries of ten plates 
each of zinc, with double copper arranged as three, through 
fine platinum wire, which when so intensely ignited as to be 
near the point of fusion, exhibited the strongest magnetic effects, 
and attracted large quantities of iron filings, and even small 
steel needles from a considerable distance. 


As the discharge of a considerable quantity of electricity 
through a wire seemed necessary to produce magnetism, it ap- 
peared probable, that a wire electrified by the common machine 
would not occasion a sensible effect ; and this I found was the 
case on placing very small necdles across a fine wire connected 
with a prime conductor of a powerful machine and the earth: 
but as a momentary exposure in a powerful electrical circuit 
was sufficient to give permanent polarity to steel, it appeared 
equally obvious, that needles placed transversely to a wire at 
the time that the electricity of a common Leyden battery was 
discharged through it, ought to become magnetic: and this I 
found was actually the case, and according to precisely the same 
laws as in the voltaic circuit: the needle under the wire, the 
positive conductor being on the right hand, offering its north 
pole to the face of the operator, and the needle above, exhibiting 
the opposite polarity. So powerful was the magnetism produced 
by the discharge of an electrical battery of 17 square feet highly 
charged through a silver wire of 1-20th of an inch, that it ren- 
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dered a bar of steel, two inches long, and from 1-20th to 1-10th 
in thickness, so magnetic, as to enable them to attract small 
pieces of steel wire or needles: and the effect was communicated 
to a distance of five inches above or below or laterally from the 
wire, through water or thick plates of glass, or metal electrically 
insulated.* 


The facility with which experiments were made with the 
common Leyden battery, enabled me to ascertain several cir- 
cumstances which were easy to imagine, such as that a tube 
filled with sulphuric acid of 1-4th of an inch in diameter, did 
not transmit sufficient electricity to render steel magnetic ; that 
a needle placed transverse to an explosion through air, was less 
magnetized than when the electricity was passed through wire, + 
the steel bars exhibited no polarity (at least at their extremities) 
when the discharge was made through them as part of the cir- 
cuit, or when they were placed parallel to the discharging wire : 
that two bars of steel fastened together, and having the discharg- 
ing wire placed through theircommon centre of gravity, showed 
little or no sign of magnetism after the discharge till they were 
separated, when they exhibited their north and south poles op- 
Posite to each other, according to the law of position. 


These experiments distinctly showed, that magnetism was 
produced wherever concentrated electricity was passed through 
space; but the precise circumstance, or law of its production, 
was mot obvious from them. When a magnet is made to act on 
steel filings, these filings arrange themselves in curves round the 
poles, but diverge in right lines: and in their adherence to each 

other, form right lines, appearing as spicula. In the attraction 
of the filings round the wire in a voltaic circuit, on the contrary, 
ey form one coherent mass, which would probably be per- 
fectly cylindrical were it not for the influence of gravity. In 
first considering the subject, it appeared to me that there must 
as many double poles as there could be imagined points of 
Contact round the wire; but when I found that N. and S. poles 
of a needle uniformly attracted by the same quarters of the wire, 
it appeared to me that there must be four principal poles cor- 
respon cling to these four quarters. You, however, pointed out 
tome that there was nothing definite in the poles, and men- 
tioned Four idea, that the phenomena might be explained, by 
Suppos x ng a kind of revolution of magnetism round the axis of 
e wire, depending for its direction upon the position of the 
negati e and positive sides of the electrical apparatus. 


To ain some light upon this matter, and to ascertain cor- 
rectly the relations of the north and south poles of steel mag- 
55 by electricity to the positive and negative state, I placed 

short steel needles round a circle made on pasteboard, of about 


We particularly request our readers to notice this fact. 
+ Also this.—Epit. 
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two inches and a half in diameter, bringing them near each 
other, though not in contact, and fastening them to the paste- 
board by thread, so that they formed the sides of a hexagon in- 
cribed within the circle. A wire was fixed in the centre of this 
circle, so that the circle was parallel to the horizon, and an 
electric shock was passed through the wire, its upper part being 
connected with the positive side of a battery and its lower part 
with the negative. After the shock all the wires were. found 
magnetic, and each had two poles; the south pole being op- 
posite to the north pole of the wire next to it, and vice versa: 
and when the north pole of a needle was touched with a wire, 
and that wire moved round the circle to the south pole of the 
same needle, its motion was opposite to that of the apparent 
motion of the sun. , 


A similar experiment was tried with six needles arranged in 
the same manner: with only this difference, that the wire posi- 
tively electrified was below. In this case the results were 
precisely the same, except that the poles were reversed: and 
any body, moved in the circle from the north to the south pole 
of the same needle, had its direction from east to west. 


A number of needles were arranged as polygons in different 
circles round the same piece of card board, and, made magnetic 
by electricity: and it was found that in all of them, whatever 
was the direction of the paste-board, whether horizontal or 
perpendicular, or inclined to the horizon, and whatever was the 
direction of the wire with respect to the magnetic meridian, the 
same law prevailed; for instance, when the positive wire was 
east, and a body was moved round the circle from the north to 
the south poles of the wire: its motion (beginning with the lower 
part of the circle) was from north to south, or with the upper 
part from south to north: and when the needles were arranged 
round a cylinder of paste-board so as to cross the wire, and a 
pencil mak drawn in the direction of the poles, it formed a 
spiral. 

It was perfectly evident from these experiments, that as many 
polar arrangements may be formed as chords can be drawn in 
circles surrounding the wire : and so far these phenomena agree 
with your idea of revolving magnetism : but I shall quit this 
subject, which I hope you will yourself elucidate for the in- 
formation of the society, to mention some other circumstances 
and facts belonging to the enquiry. 


Supposing powerful electricity to pass through two, three, 
four, or more wires, forming part of the same circuit paralle 
to each other in the same plane, or in different planes, it could 
hardly be doubted that each wire, and the space around it, 
would become magnetic in the same manner as a single wire, 
though in a less degree ; and this I found was actually the case. 
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When four wires of fine platinum were made to complete a pow- 
erful voltaic circuit, each wire exhibited its magnetism in the 
same manner, and steel filings on the sides of the wires opposite 
attracted each other. 

As the filings on the opposite sides of the wires attracted each 
other in consequence of their being in opposite magnetic states, 
it was evident, that if the similar sides could be brought in con- 
tact, steel filings upon them would repel each other. This was 
very easily tried with two vultaic batteries arranged parallel to 
each other, so that the positive end of one was opposite the ne- 
gative end of the other; steel filings upon two wires of platinum 
Joining the extremities strongly repelled each other. When 
the batteries were arranged in the same order, i. e. positive oppo- 
site to positive. they attracted each other ; and wires of plati- 
num (without filings) and fine steel wire (still more strongly) 
exhibited similar phenomena of attraction and repulsion under 
the same circumstances. 

As bodies magnetized put a needle in motion, it was natural 

to infer that a magnet would put bodies magnetized by electri- 
city in motion: and this I found was the case. Some pieces of 
wire of platinum, silver, and copper, were placed separately 
upon two knife edges of platinum connected with two ends of 
à powerful voltaic battery, and a magnet presented to them: 
they were all made to roll along the knife edges, being attracted 
when che north pole of the magnet was presented, the positive 
tide of the battery being on the right hand, and repelled when 
t was on the left hand: and vice versa, changing the pole of 
the magnet. Some folds of gold leaf were placed across the 
same apparatus, and the north pole of a powerful magnet held 
opposite to them: the folds approached the magnet, but did 
not adhere to it. On the south pole being presented, they 
receded from it. ; 

I will not indulge myself by entering far into the theoretical 
Pert of this subject; but a number of curious speculations 
Cannot fail to present themselves to every philosophical mind, 
In Consequence of the facts developed: such as whether the 
Magnetism of the earth may not be owing to its electricity, and 
the varization of the needle to the alterations of the electrical 
Currentss of the earth in consequence of its motions, internal 
chemical changes, or its relations to solar heat; and whether 
the lum Indus effects of the auroras at the poles are not shown, 
pove new facts, to depend on electricity. This is evident, 

t if strong electrical currents be supposed to follow the ap- 
Parent course of the sun, the magnetism of the earth ought to 

such as it is found to he. 


But E will quit conjectures, to point out a simple mode of 
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making powerful spr by fixing bars of steel across, or 
circular pee of fitted for wing horse shoe magnets, 
round the electrical conductors of buildings in elevated and ex- 
posed situations.“ 

The experiments detailed in these pages were made with the 
apparatus belonging to the Royal and London Institutions ; and 
I was assisted in many of them by Mr. Pepys, Mr. Allen, and 
Mr. Stodart, and in all of them by Mr. Farraday.t 


I am, my dear Sir, 
Very sincerely yours, 
HUMPHREY DAVY. 
Lower Grosvenor Street, Nov. 12, 1820. 


è There are many facts recorded in the Philosophical Transactions which 
prove the magnetizing powers of-lighting : one in particular, where a stroke 
of lightning passing through a box of knives, rendered most of them pow- 
erfal magnets.—See Phil. Trans No. 147, p, 520, and No. 437, p. 57. 

+ All the experiments detailed in this paper, except those mentioned page 
15, (experiments on the needles, page 7 of this manuscript) were made in 
the course of October, 1820: the last arose in consequence of a conversation 
with Dr. Wollaston, and were made in the beginning of November. I find 
by the Annales de Chimie et de Physique, for September, which arrived in 
London November 24th, that M. Araco has anticipated me in the discovery 
of the attractive and magnetizing powers of the wires in the voltaic cir. 
cuit: but the phenomena presented by the action of common electricity, 
(which as yet, I believe, have been observed by no other person,) indace me 
me still to submit my paper to the council of the Royal Society. Before 
any notice arrived of the researches of the French philosophers, I had 
tried, with Messrs. Allen and Pepys, an experiment, which M. Araco like- 
wise thought of, — whether the air of flame of the voltaic battery would be 
effected by the magnet: but from the imperfection of our apparatus, the 
results were not decisive. I hope soon to repeat it under new circum- 
stances. 

1 have made various experiments, with the hope of effecting electrified 
wires by the magnetism of the earth, and of producing chemical changes 
by magnetism : but without any successful results. 

Since I have perused M. AMPERE’s on the electro-magnetic phenomena, 
I have passed the electrical shock along a spiral wire twisted round a glass 
tube, containing a bar of steel, and I found that the bar was rendered pow- 
erfully magnetic by the process. 
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Description of a Novel Form of Electro Magnet. By Josxrn 
RApronn, Esq., in a Letter to Mr. Sturgeon. 


Waterloo Foundry, Offices, David-st., 
Manchester, Feb. 19th, 1841. 
Dear Sir, 
Herewith I send you the new electro magnet which 
I commenced experimenting upon early in October last, and beg 
your acceptance of il. 
The drawings in plate IV. will explain its character very 
No. 1 being the elevation. 
No. 2 the vertical section. 
No. 3 the convoluted face. 
It is nine inches in diameter, and the sketches being drawn 
to scale the other dimensions can be ascertained easily. 
The magnet weighs, exclusive of the copper coil, and the 
keeper, sixteen pounds and two ounces. 

The coil is a bundle of twenty-three small copper wires, and 
weigh two pounds two ounces. 

The coil is covered with cotton tape. 

The keeper weighs 14lb. 140. and three-quarters. 

The depth of the convoluted grove or recess, is 3-8ths of an 
inch, and 1-4th of an inch wide. 

The width or breadth of the metal between the grooves as 
shown in the section, is half an inch. 

The thickness of the magnet is one inch, at the outside edge, 
and about 3-8th in the centre. 

Before it was finished an experiment was made on the 3rd of 
December, 1840, and it sustained a load of 2141 pounds, with 
eight of your battery jars. 

The gereatest weight was lifted on the 17th of December last, 
bya battery of yours, with twelve jars, and the weight sustained 
Was 2500 9 avoirdupois. 

ae yor. think this worth a place in your annals, I shall feel 
8 by your insertion of it. 
Yours, faithfully, 


JOSEPH RADFORD. 


~ 
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MR. STU nOEON's ANSWER TO THE ABOVE. 


Dear Sir, Í 
By your kindness in presenting to me this piece 
of apparatus, which, amongst many other favours, I take a 
pleasure in availing myself of this opportunity to acknowledge, 
you have put me in possession of the most curious and extraor- 
dinary magnet that has ever yet appeared on the pages of science, 
or ever been placed in the cabinet of philosophy. 


The convoluted figure of its face is not only a great curiosity, 
but a perfect novelty in magnetics ; and the unusual errange- 
ment of its poles, both of which are on the same convoluted 
strip of iron, (which forms the face) one pole occupying the 
whole length on one edge, and the other the whole length of 
the opposite edge: together with its great powers, render it a 
piece of apparatus of extraordinary character and great interest: 
and wil], no doubt, command a great deal of attention amongst 
electro magnetists. 

: I am, dear Sir, 
Yours, truly, 


W. STURGEON. 


Royal Victoria Gallery of Practical Science, 
Manchester, February 20th, 1841. 


To Joseph Radford, Esq. 


' Observations on the Electrical Phenomena of High-Pressure 
Steam, as recenily exhibited by two Engine Boilers in the vi- 
cinity of Newcastle ; with memoranda of an unsuccessful er- 
periment made with a view to the investigation of Electricity 

From Steam. By W. H. Weexzs, Esq., Surgeon, Lecturer 
on Philosophical and Operative Chemistry, &c. 


The attention of the scientific world, in conjunction with that 
of intelligent men generally, having recently been drawn to several 
reports of very extraordinary electrical phenomena proceeding from 
two steam engine boilers, situate in the vicinity of Newcastle, I 
have been induced to peruse such papers as have been published 
on the subject, and subsequently to undertake several experiments 
with the hope of arriving at some illustration of the matter. Though 
none of these were successful in reproducing the electrical phe- 
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nomena exhibited by the steam boilers, an outline of my principal 
attempt may, nevertheless, be worth recording. 


The papers chiefly entitled to notice, in relation to this interest- 
ing fact, are three which have 5 originally in the “ Philo- 
sophical Magazine.“ First“ On the electricity of a jet of steam 
issuing from a boiler.” By H. G. Armstrong, Esq.* Second— 
Experiments on the electricity of high-pressure steam.” By H. 
L. Pattison, Esq., F. G. S.t The presumption of Mr. Armstrong, 
to use his own words, “ is exceedingly strong, that the phenomenon 
is in some way occasioned by N nature of the water from 
which the steam is produced.” He mentions an “ incrustation of 
a month’s growth, deposited by the water frem the mine in the 
boilers in which it is used,” a specimen of which incrustatiou Pro- 
fessor Faraday says “contains traces of a soluble muriate and 
on gael but consists almost entirely of sulphate of lime, with a 
litde oxide of iron and insoluble clayed matter, carried in probably 
by the water. There is hardly a trace of carbonate of lime in it.” 
l am quite incapable of conceiving that the powerful electrical 
effects exhibited by the jet of steam in question could in any way 
be dependent on a local cause, and especially so that they should 
arise from the presence of the above named material in the water 
forming the incrustation. 


Mr. Pattinson, whose paper is an exceedingly interesting one, 
details a number of experiments performed by him, precisely 
similar in their results to those ordinarily obtained from the em- 
ployment of good frictional machines; such as charging jars 
and passing shocks through a chain of from twelve to twenty 
persons, perforating a card, firing combustible substances, &c., 
and he, too, concludes that “it is hardly 1 8 55 to suppose 
that there is any local peculiarity about these boilers, or the 
place where they are situated, to occasion the highly electrical 
condition of the steam produced in them; and yet it is diffi- 
cult,” he further remarks, “to suppose the fact of high-pressure 
steam being electrical, a general one.” Mr. Pattinson considers 
that “the conditions, therefore, under which steam becomes elec- 
trical require to be investigated, and itis not unlikely that the 
investigation will lead to important results.” Under feelings 
perfectly in accordance with such views my own experiments 
were entered upon. 


I happen to have in my possession a very strong tin vessel 
which has commonly been employed for purposes of distillation ; 
it is of a rectangular form and of the following dimensions. 
Length fourteen inches; width ten inches; average depth be- 
neath the neck seven inches. From the centre of the top of 


In two letters to Professor Faraday. 


+ See p.p. 37 and 42 of this volume of the Annals. Also Vol. v. p. p. 
452 and 458.—Eprr. 
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this vessel a vonical tin beak or neck leads off three feet in 
length, and terminates in an opening 3-4ths of an inch diameter. 
This Still having been charged to one inch in depth over its 
bottom by pouring in three quarts of water, a surface of 140 
superficial inches were consequently exposed to the heat arising 
from an ordinary open furnace. The opening of the tin beak 
being now partially closed by means of a good cork through 
which was inverted a glass tube ten inches in length, and rather 
less than a quarter of an inch bore, the heat was gradually in- 
creased until an atmosphere of steam became generated under 
considerable pressure within the cavity of the Sull above the 
surface of water, and rushed furiously through the orifice of the 
lass tube with a continuous loud hissing sound. I then took a 
T formed conductor, belonging to a large electrical machine, 
well insulated upon a stout glass pillar, and presenting a surface of 
about 360 superficial inches. Into a hole in the single end of this 
conductor was inserted a stout wire projecting from the back ofa 
olished concave tin reflector, one foot in diameter, commonly used 
in experiments on the radiation of heat. Against the focus of this 
redector the action of the steam jet was directed with an increasing 
force during twenty minutes, while a communication, by means 
of a copper wire, also carefully insulated, was kept up between 
the conductor and a delicate gold-leat electroscope, in the window- 
board of the laboratory, at about fifteen feet distance, in order 
that the condensation of any steam from the boiler should not 
affect or interrupt the action of the instrument. These 
ments I considered were as favourably disposed as could well be 
under my limited circumstances, in regard to the generation of 
high-pressure steam, yet, notwithstanding the most minute atten- 
tion was devoted to the experiment throughout, the electroscope 
did not exhibit the slightest divergence. ` 


To whatever cause the electrical phenomena proceeding from 
the steam boilers may ultimately be referred, the disengagement of 
this principle, during the conversion of water into steam and the 
converse, has been long since recognized by philosophers. Almost 
every electrician is, doubtless, familiar with the beautiful experi- 
ments of Cavallo, performed during the last century, by means of 
that exquisitely delicate instrument of his invention, denominated 
the “ Multiplier,” now by no means so much known or used as it 
deserves to be, and by means of which he shewed that two drops 
of water evaporated from a burning coal, placed upon an insulated 
tin-plate, caused a divergence in the gold leaves of his electro- 
scope, more than sufficient to show that the tin-plate had been 
electrified negatively by the evaporation of the two drops of water. 
A powerful and yet delicate arrangement of machinery for the 
purposes of atmospheric electricity, similar in its operation to the 
celebrated Broomfield Apparatus, and which I have been in the 
almost daily habit of experimenting with during many months 
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invariably gives signs of positive electricity when the morn- 
ing evaporation commences in fine weather, and precisely the same 
phenomena recur when the dews of evening are beginning to be 
deposited. An opinion has, I believe, been advanced to the effect 
that these minor evolutions of electricity are to be referred merely 
to evaporation. Ina proximate sense, it is true, this admits of no 
objection, but what are we the wiser for such a conclusion in re- 
gard to ultimate principles? Had evaporation alone been neces- 
sary to the production of such electrie phenomena upon a small 
scale, we should insure their appearance in an increasing ratio by 
the magnitude of our experiments ; and the powerful jet of steam 
from my tin still ought not only to have caused free divergence in 
the leaves of an electroscoj e, but to have yielded strong sparks, on 
the presentation of a knuckle to the large insulated conductor 
used on the occasion. There are then, I think, by fair inference, 
other essential conditions involved in the subject of our enquiry ; 
these are yet worth searching for, and in the mean time (as regards 
the phenomena of the engine boilers) I should be loth to decide 
that they were wholly independent of the effects of high pressure. 
Iam bound to acknowledge that I had no immediate means of 
ascertaining with poan the amount of pressure under which 
my steam jet issued from the generator, and though contident that 
it must have been very considerable, I can easily conceive that it 
might yet have been vastly short uf the requisite degree of com- 
pression upon which the production of electric phenomena are, in 
a measure at least, dependent. 


Sandwich, January 20th, 1841. 
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On the Theory of Electricity, by C. J. Kennepy, Esq. 


When an electrical current is passing through an imperfectly 
conducting medium, such as atmospheric air, the electrical par- 
tieles being retarded, must be accumulated in the track which 
is traversed by that current. This fact supplies the means of 
determining whether there are two electric fluids, or only one. 
If there were two fluids, the particles of each would be accu- 
mulated inthe line of discharge. If the velocity of the two 
currents were uniform and equal, each section of the track tra- 
versed would necessarily contain as many of the vitreous as of 
the resinous electrical particles. Hence when such a double 
electrical current was passing between two similar metallic wires, 
a light body suspended midway between the wires should re- 
main unmoved, supposing the electrical intensity of the two 
wires to be equal ; for it would be urged with equal force in 
opposite directions. But if there is only one electric fluid, that 
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electric fluid being retarded, and its particles accumulated in 
the line of transit, the air situated in that line must become po- 
sitively electrified inthe central section; and throughout the 
line the positive state must predominate. Hence, a light body 
placed midway between the two wires ought to be urged to- 
wards the negative wire. Probably the proof alleged to establish 
the reality of a direct impulsive power in the particles of elec- 
tricity may be entirely illusive. But, 5 of any 
direct impulsion by the electric particles, the light body should 
be urged towards the negative wire. Propably the proof alleg- 
ed to establish the reality of a direct impulsive power in the 
particles of electricity may be entirely illusive. But, indepen- 
dently of any direct impulsion by the electric particles, the 
light body should be urged towards the negative wire. For 
the current of air emitted from the positive wire being superior 
in length and intensity to that emitted from the negative wire, 
must be urged onwards with superior force under the influence 
of the attraction and repulsion of the two opposite wires. The 
positive wire repels, and the negative wire attracts every posi- 
tively electrified aerial particle; while, on the ether hand, the 
positive wire attracts and the negative wire repels every nega- 
tively electrified aerial particle. But as the positively electrified 
aerial particles exceed the negatively electrified aerial particles 
in number and intensity, the united force of the former particles 
must be superior to the united force of the latter. Hence the 
aerial electrified current proceeding from the positive wire must, 
on the theory of a single fluid, be superior in force to the elec- 
trified aerial current proceeding from the negative wire. It is 
so; and this fact decides the point at issue. A light broad- 
vaned wheel W (fig. Ist), delicately suspended, carefully ba- 
Janced, and placed exactly midway between the two wires P 
and N, moves from P, the positive wire, towards N, the negative 
wire, when an electric current is transmitted through the wires. 


Fig. 1. N W P 


The same sort of result is obtained by means of the Cratos- 
cope; a very simple and effective instrument, which is represent- 
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ed in figure 2. This instrument 


cansists of an oblong box, of which the sides, ends, and cover are 
of varnished glass. Two similar metallic wires, P and N, pass 
through holes drilled in the ends, and are moveable, so as to admit 
ol being accurately adjusted at any required distance from L, a slip 
of gold leaf suspended from a thin metallic flap attached to a wire 
which passes across the middle of the glass box, where an opening 
is left in the cover. Over this opening a plate of glass is laid. 
The slip of gold leaf is thus completely protected from being 
agitated by motions in the neighbouring air. It obeys the slightest 
impulse of the electrified aérial currents which are emitted from the 
wires P, N, when these are electrified. This is effected by con 
necting the rings of the wires P N with two equal wires about four 
feet long; the one of which is inserted into a hole in the end of 
the positive, and the other into a hole in the end of the negative 
Prime conductor of the electric machine. The wires P N are then 
accurately adjusted to equidistance from the leaf L. Previous to 
the principal experiment, it is ascertained—by a simple anil satis- 
factory experimental test—that the attractive powers of the wires 
P N are precisely equal to each other. The electric machine is 
then worked, when it is found that the gold leaf instantly moves 
Jrom the wire P towards the wire N. This shows the power of 
the electrified aérial current thrown off by the positive to be 
superior to that of the electrified current thrown off by the 
negative wire. On reversing the connections, the direction of 
the movement in the leaf still is from the positive towards the 
negative wire. This experiment contradicts the theory of two 
fluids, and establishes the theory ofa single fluid. It is an expe- 
rimentum crucis ; it decides the point in dispute. No hypotheti- 
cal force has been introduced into the preceding explanation— 
nothing has been employed but the known electrical powers. If 
the vitreous electric fluid is supposed to be less retarded in traver- 
sing air than the resinous fluid, the result will be altered, but will 
be still more hostile to the theory of Du Fay; for then the resi- 
nous electricity ought to predominate in the aérial interval, and the 
light body should be urged towards the positive wire, not from it, 
as is the fact. There are other experimenta crucis, all concurring to 
establish the theory of. a single electric fluid. Mr. Potret and M. 
De la Rive found that a line of water lying between the opposite 
wires of the voltaic battery was urged from the positive or vitreous 
towards the negative or resinous wire. When a strong saline so- 
lution possessing considerable conducting power was employed, in 
place of the water, the same result was not obtained. The reason 
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is obvious. The electricity was little retarded, and therefore was 
not accumulated to any sensible amount in the line of transit be- 
tween the oppositely electrified wires. The aqueous line did not 
become sensibly electrified, and therefore could not be urged from 
the positive or vitreous wire by the repulsion of that wire, and the 
attraction of the opposite wire. The results completely harmonize 
with those obtained when the electric transit is made through an 
interval of atmospheric air. When an insulated card, C, is pierced 
by the electric 


C 
P N 


— 090 — 


discharge passing between two equidistant and equally electri- 
fied knobs, P N, it is perforated at a single spot, where a hole 
is formed, having around it two burrs, one on each side of the 
card. This proves that at the instant of perforation the parti- 
cles of the card are disrupted by a divulsive force acting in 
both directions. -On there being but one perforation made, 
nothing need be founded. The passage of one electric fluid, or 
of two, through the perforated spot, might alike explain the 
occurrence of a single perforation, provided that the simulta- 
neous passage of equal quantities of the two opposite electrici- 
ties through one single spot of the card, were capable of origi- 
nating there a disruptive force among the particles of the card. 
But the simultaneous addition cf equal quantities of the two 
electricities to the spot which they traverse, must leave that spot 
still in the neutral state. Why then should the particles of the 
card in that spot burst asunder? Why, on the theory of two 
fluids, should there be a perforation made at all? On the 
theory of one fluid, there out to be a perforation ; for the elec- 
tric particles being suddenly arrested in their motion through 
the card, must be accumulated in the spot through which they 
pass, that spot must become intensely electrified plus, and there- 
fore ite corpuscles must have a strong tendency to burst asun- 
der, according to the law that “ similarly electrified bodies re 

each other.” And, since the one knob is electrified positively, 
and the other negatively. the former knob must at the moment 
of rupture repel, and the latter attract, the disrupting particles 
of the card. It is so, even when every precaution has been 
taken to insure equality in the intensity of the opposite knobs. 
The superior length of the vitreous spark, and the superior ex- 
tent of the light at the positive point, might also be pleaded 
in corroboration of the evidence already adduced ;—that evi- 
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dence fully justifies the conclusion that there is only one electric 
fuid.. The theory of a single electric fluid is capable of assu- 
ming two forms, in which material idio-repulsion is entirely 
discarded. The one form is that of an original theory adopted 
by Mr. Kennedy, in the year 1825. It was deduced from a 
rather complicated fluxionary calculation, by which a beauti- 
fully simple result was obtained. An exponential fluxion 
equation, involving all the possible powers and simple func- 
tions of the electric force, was employed. The result of the 
calculation was surprisingly simple, namely, that electrical action 
1 
varies in the inverse ratio of the electric quantity; or, 4 œ -. 


Let A’ represent the attraction of a material corpuscle for glee 
tricity, in any given electrical condition, suppose the neutral 
state, and we quantity of electricity which that corpuscle then 
contains. The tendency of two material corpuscles cc towards 
each other, nay be denoted by T, and is = 2 4% = A’ X q4- 
A4 q. Now, if the electrical quantities of c and c’ become 
each =z, the attraction of each of these corpuscles for electricity 
9 49 U 
will become =—, and T will become =— X < 4+ . 2A 9. 
* 


* 4 
as before. That is, the joint tendency of the two corpuscles to 
matual approach remains unaltered, so long as their electrical 
quantities are equal to each other, whatever each of these elec- 
trical quantities may be, whether a large quantity, or a small. 
Suppose next, that the electrical quantity of c becomes =z, and 
that of c'=y, then their respective attractions for electricity 


49 Aq Aq Agx Aqy 
will be — and —; and T will be = —Xy + ——, or — +- 
& 2 y x yY & 


A’qz 
—. Now this must be greater than 24’q, in every case 


yY 
in which æ is unequal to y; for if x is unequal to y, (because 


A'qy Aq 
A’ and q are constant quantities,) — must be unequal to —. 
. y 
4 A’qy 
If x be greater than y, — must be greater than —. Now 
y 2 


49 Aq 
—: 49: : 49: —. Whence, (Euclid's Elements, Book v' 


* y 
4% Ar 
prop. xxv.) — 4 — are greater than 249; that is, the 
od J 


8: 4:4: 2. Now,8 ＋ 2 exceeds 4+ 4. Again, 3:9: :9 : 27; but 
3-4-27 exceed 9-4-9. 
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least possible value of T is 249 in common language, the 

tendency of the two corpuscles to mutual approach, is the least 

ible when they contain equal quantities of electricity. It 

follows also, that the more unequal z and y are, the greater must 
A’qy Ag 

the sum of — and — be; that is, the more the electrical 


r 

quantities of the two paei differ, the greater is their ten- 
dency to mutual approach. The phenomena of electrical attrac- 
tion, repulsion, and quiescence, may be explained on this theory, 
in a manner perfectly satisfactory, and exceedingly easy. 


1. QUIESCENCE. 


Case 1.— Let A B C D be four small balls, equal to each other, 
homogeneous, equidistant in the same straight line, and all in the 
neutral electrical state. 


C A B D 


k 


O 
© „ 


l 


Then, according to Coulomb’s law, the mutual attractions of 
ABCD will be the same in amount as if all the matter in 
each, and all the electricity in each, were collected at their very 
centres. Now, it is evident, that since the four balls are equal, 
homogeneous, and in the neutral state, they must all contain 
equal quantities of electricity, and must attract electricity with 
equal forces. A will attract B’s electricity with as much force 
as that with which it attracts C’s electricity. Also, B will attract 
A’s electricity and D’s, with equal forces ; consequently, A and 
B would be exactly balanced between C and D; for the air 
around the balls could have no effect upon them, because the 
opposing actions of its various parts completely balance each 
other, so long as it remains throughout in the neutral state ;— 
thus take, on any side of A, and at any distance from A, a 
small portion, k, of the surrounding air; then opposite to k, 
and equidistant from A in the same straight line, there is an 
equal space or portion of air l, whose action must completely 
balance the action of k ; for A must attract k's electricity and ls 
with equal forces. Also k and l must attract A’s electricity 
with equal forces. Hence it appears, that the influence of the 
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air around the balls may be le out of consideration, so long as 
that air remains in the neutral state. We have only to take 
into account the mutual actions of the balls A B C and D, and 
their electricity. These actions are perfectly equilibriated, and 
therefore the bodies must remain at rest. 


Case 2.—Let A be electrified plus, while C B D remain tn the 
neutral state. 


Then it is evident, that as C and B contain equal quantities 
of electricity, they must attract A’s electricity with forces pre- 
cisely equal: and A must attract B’s electricity and C’s with 
forces precisely equal: consequently, A and B must still remain 
at rest. 


Case 2.—Let A be electrified minus, while B remains in the 
neutral state. 

Then since, as in the last case, C and B contain equal quan- 
tities of electricity, the forces which urge A towards B must be 
exactly balanced by the forces which urge A towards C: con- 
sequently, A and B must still remain at rest. 


2. ATTRACTION. 
Let A be positively, and B be negatively, electrified. 


Then the material corpuscles in A and C, B and D, will tend 
towards each other with more than the minimum force, because 
these corpuscles contain unequal electrical quantities. But the 
material corpuscles in A and B will tend to each other with 
greater forces than do the corpuscles in A and C, B and D. 
Thus A will be urged towards C, and B will be urged towards 
D, with augmented forces. But the forces which*urge A 
towards B will be augmented in a higher ratio, becanse the 
electrical quantities of their material corpuscles are more une- 
qual than the electrical quantities of the material particles in A 
and C, B and D. In other words, ＋ tends to — more forcibly 
than -+ tends to =, or than — tends to =; that is, the cor- 
puscles which are electrified oppositely, tend more forcibly 
towards each other than towards the corpuscles which are in 
the neutral state. Thus A and B will acquire an increased ten- 
dency to separate, and they will also acquire an increased 
tendency to apot each other ; but the tendency to approach 
augments in a higher ratio than the tendency to recede; and 
the air around the bodies can have no efficient action on them. 
Hence A and B must move towards each other, if left free to 
obey the electric forces. 


3. REPULSION. 
Case 1.—Let A and B be alike electrified plus. 


Then the mutual attraction of their corpuscles will still be 
the minimum, because their electrical quantities, though altered, 
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are equal among themselves. Hence the tendency of A and B 
to mutual approach will be the minimum tendency correspond- 
ing to 2 f’ 9. But the tendency to mutual approach possessed 
by A and C, B and D, must be greater than the minimum, 
because the electrical quantities of their corpuscles are unequal. 
Hence the bodies A and B, is free to move, must recede,—A 
being drawn toward C, and B towards D, by the superior at- 
traction. 


Case 2.— Let A and B be altke electrified minus. 


Then their mutual attraction will be the mintmum, because 
their electrical quantities are equal. But the mutual attraction 
of A and C, B and D, will be more than the minimum, because 
their electrical quantities are unequal. Thus, the forces which 
tend to separate A and B are greater than the forces which tend 
to bring them towards each other. Hence, A and B, if free to 
move, must mutually recede, being drawn asunder by the supe- 
rior attractive forces which urge A towards C, and B towards D. 


Corollarꝝ.— The greater the electrical intensity, the greater 
must the electric action of small electrified bodies be. 5 

Observation.—In large electrified bodies, inductive influence, 
by affecting the distribution of their electricity, will modify 
their attractive and repulsive tendencies—or, to speak with 
greater correctness, their tendencies to ‘mutual approach, or 
mutual recession. | 


Hitherto, the case of four homogeneous balls has been consi- 
dered ; but now let the exterior balls C and D be removed, the 
spaces they have been occupying will not be left empty: these 
spaces will be filled with air. Now air contains electricity: air 
‘ obeys the same electric laws, and exerts the same electric influ- 
ences, as other parts of ponderable matter do. If, as is gene- 
rally believed, electricity is distributed among bodies, not ac- 
cording to specific affinities, but simply in proportion to their 
volumes and surfaces,—then the electricity in the equivalent 
spaces C and D must be the same in quantity with the electri- 
city in A and B: and thus these aérial spaces or portions will 
be quite as influential on the bodies A and B, as the solid bodies 
were which they have replaced. Further, the air in C and D 
will be virtually immovable; because when one particle of air 

leaves either space, C or D, another particle of air must enter 
in A’s room, and perform the same functions. Thus it appears 
that it is quite possible to dispense with material idio-repulsion ; 
and that a theory beautifully simple is capable of explaining all 
the ordinary electrical phenomena. The Franklinian theory, 
when disencumbered of material idio-repulsion, and improved 
by introducing the influence of the equivalent spaces, possesses 
greater capabilities than the illustrious American electrician 
was aware of, being able to explain the recession of negatively 
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electrified bodies, and the quiescence of unelectrified bodies. 
This Mr. Kennedy showed by algebraic formule and arithmetical 
calculations. Mr, Kennedy added, that the phenomena of excita- 
tion by compression afforded experimenia crucis, from which it 
appeared, that the Franklinian theory, though far more flexile 
and useful than it is commonly thought, cannot be the true 
theory. These phenomena supported Mr. Kennedy’s own elec- 
trical theory. He added, that by supposing certain diversities 
to obtain in the electrical capacity of material corpuscles, the 
phenomena of cohesion‘ adhesion, capillary attraction, chemical 
affinity. electro-chemical decomposition, might be explained. 


Mr. Bryson asked Mr. Kennedy, whether force did not in- 
volve repulsion ; and if so, why he denied the existence of 
electric repulsion, and yet admitted electric force? Mr. Ken- 
nedy replied, that he conceived he might admit electric attractive 
force, and yet deny the existence of repulsive force, when he 
showed that the phenomena were the result of attraction alone. 


On the Temperature of the Earthin the Deep Mincs in the 
neighbourhood of Manchester. By Mr. Eaton Hopaginson. 


Mr. Hodgkinson having, some years ago, received from Prof. 
Phillips, four thermometers belonging to the Association, got, 
through the kindness of the proprietors of the following pits, 
and other parties.connected with them, experiments made upon 
the temperature of the earth in each of them :—The salt-rock 
pit, 112 yards deep, belonging to the Marston Salt Company, 
near Northwich, Cheshire ; the Haydock Colliery, 201 yards 
deep, near to Warrington; the Broad Oak Coal-mine, 329 
yards deep, near to Oldham. In the latter pit, a thermometer 
placed in a hole three feet deep, bored in metal, and closed at 
the aperture, was examined weekly by Mr. Swain for twelve 
months, the temperature varying from 57° to 584° Fahr.—it 
being lowest from the beginning of February to the middle of 
May, and highest in September and October to the middle of 
November. The experiments above mentioned were made in 
1837 and 1838, and the results mentioned at the Birmingham 
meeting; but the Broad Oak pit having been increased in depth 
since that time, a thermometer was inserted in it, ina hole bored 
in metal, as before. It was in a place 408 yards deep, and in- 
dicated a temperature of 61°, remaining nearly constant for 
twelve months. Mr. Fitzgerald being recently engaged in 
sinking a deep coal-pit at Pendleton, two miles from Manches- 
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ter, Mr. Hodgkinson conceived this to be a favourable opportu- 
nity for getting additional information on the subject of subter- 
ranean temperature, and, on his application to the proprietor, 
the engineer (Mr. Ray) readily made for him, during the sinking 
of the pit, and afterwards in the workings, the experiments of 
which the results are below. At 408 yards from the surface, 
the temperature, in a hole from three to four feet deep, bored 
in dry rock, was 66°; at 450 yards deep it was 67°; and at 
480 yards it was 69°. In the workings at 461 and 471 yards 
deep, it was in both cases 65°. The mean temperature of the 
air at Manchester, according to Dr. Dalton’s experiments, is 
48° Fahr.; and, as the pits above mentioned «are not very far 
from Manchester, the mean temperature of the earth at the sur- 
face of each of them may be considered as 48°. With that 
supposition, the distance sunk for each degree of Fahrenheit 
would be as below :— 


In the rock pilt..... 32 yards. 
Haydock coal pit... 20 „, 
Broad Oak pit 31.4 82 8 
Pendleton pit (shaft) . . 23 2) 
23.7 23.2 575 — mean. 
22.8 


Ditto (in workings) . . 27. 
ait 74 


of 


y mean. 


The mean from the whole being 27 yards for each degree of 
temperature. 


The President remarked, that Mr. Hodgkinson’s results gave 
the rate of increase of temperature greater near the surface, 
and then decreasing, which did not agree with the results of 
other observers : this, he conceived, arose from nearly the same 
cause as that already remarked upon when Mr. Fox’s report 
was under consideration. Mr. Hodgkinson commenced reckon- 
ing his descents or depths, not from the surface, but from 
the plane of invariable temperature, which in these latitudes 
was not far from 60 feet.—Professor Forbes illustrated simply 
by a diagram how this caused the rate of increase at first to be 
too high, and then to diminish. He then alluded to the frozen 
soil of Siberia, gave a description of it, and said, that it had 
been sunk through to a depth of 382 feet without being pen- 
etrated—that is, without reaching a temperature of 382°, 
although the temperature of the surface was not below 18°. 
In this case, the rate of increase was rapid. 
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On the Agency of Sound. By Mr. SHanp. 


Much has been done towards preserving and improving vision ; 
on the other hand, comparatively speaking, nothing has been done 
towards preserving or assisting our sense of hearing. So much 
are we in the dark in regard to the economy of speech in apart- 
ments, that it is a matter of chance whether any building will 
answer the purpose intended, and frequently, when too late, it is 
discovered to be in a great measure useless. Mr. Shand then ad- 
verted to certain rules and principles by which sound, he said, 
was in a great measure governed. Ist. Sound is usually pro- 
duced, in bodies more dense than the atmosphere, by sudden per- 
cussion, and the action of one body upon another; and it is 
considered to be the result of different modifications of matter 
only. 2nd. Rapid agitation, causing tle atoms or crystals of a 
solid by their extremities to act upon each other, creates sound, 
whether this action be occasioned by original impulse or by re- 
flection. It is regulated by the principles of attraction and repul- 
sion, and it cannot be produced or conducted in any case, 
without being preceded by vibratory action. 3rd. As the 
atoms or crystals of solids vibrate repeatedly, and ultimately 
return to their primitive positions, they produce more intense 
and continuous sound than 4uids, the component parts of which 
pass each other, and do not return to their original positions. 
4th. Hard bodies, as they conduct with more rapidity than fluids, 
must precede the atmosphere in action and sound, and give out 
their sounds to the more tardy conductors, consequently tu the 
atmosphere. 5th. In conformity to the density of the atoms, 
their form, and the medium distance between them, is the in- 
tensity, duration, and velocity of sound. 6th. As all sonorous 
bodies, whilst they conduct or reflect, also create sound, it is ob- 
vious, that to preserve the original character of sounds, the reflect- 
ing or conducting body must, in ils movements, accurd in time 
with those of the body which produces or forms the original 
sounds. 7th. As vibration is necessary to produce or conduct, 
every still body must arrest sound, on the same principle that 
a body at rest being in contact with a wheel moving round its 
axis impedes its progress. 8th. Slow pressure compresses a few 
atoms only. but rapid percussion eccasions action, re-action, and 
sound throughout bodies. 9th. A solid, to produce much 

sound without great impulse, must be of limited diameter, in 
one direction, for it vibrates most in this direction, because the 
atmosphere yields more than the solid. 10th. In all' matter ina 
state of action, there are two distinct motions, the vibratory o 
tremulous, by which all the atoms throughout a body are agi 
tated together, and the undulatory or oscillating, which consist 
of a certain number of atoms, and determines each distinc 
sound ina body and in the ear. It is most important to under 
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stand in what manner and by what means these should be regu- 
lated, as on this depends the consistency of reflected with original 
sounds. llth. The chief distinction between hard solids and 
fibrous substances is, that thé latter possess more of the adhesive, 
and less of the repulsive principle—they require to be more dis- 
tended in a longitudinal or superficial direction; and intensity of 
sound is more by the extent of their excursions than molecular 
action. This is the cause of the different effects that are expe- 
rienced between wood and stone as the medium of support and 
contact in railways. 12th. Fluids are more powerful conductors 
than productors of sound, but conduct less rapidly than solids. 
Their atoms or component parts pass each other, and do not return 
to their original places as do those of solids: this accounts for 
sound passing in all directions in the atmosphere ; also why the 
same degree of percussion produces more sound on 
solids than in the atmosphere; and why, in transit, there is 
less change in its original character. 13th. Sound is much 
influenced by moisture in the atmosphere. Intensity and dis- 
tance of transit are regulated more by the adjustment of par- 
ticles than the proportion of moisture. For instance, it is 
loud and passes furthest during frost, and at all times when 
objects are seen to a great distance. This is peculiarly 
perceptible within the tropics, and in this country in sum- 
mer just as the sun sinks under the horizon; but when 
cold increases, and the partjcles of moisture become larger, these 
effects are diminished. It follows, as a matter of course, that 
its transit must be more or less rapid under such varying cir- 
cumstances. 14th. Water conducts more powerfully and 
rapidly than the atmosphere; and, so far as ascertained, with 
increased effect, as it approaches the temperature of the human 
body. This is exemplifed in tropical rivers, and in the human 
ear, where this fluid is the enly body in contact with the nerve 
of hearing, to which it must communicate sound consitently 
with its original character. 15th. Sound is not produced by 
the atmosphere alone without violent concussion, or being in 
contact with a more dense medium. Being the offspring of 
atomical action in bodies, and in degree in the ratio of their ad- 
hesive and repulsive principles, it cannot be produced in a 
vacuum nor in a still body; but the latter may, by concentrating 
and confining a fluid, increase action and sound for a time after 
a certain impetus has been given to the fluid, in like manner as 
a stream of water is increased in velocity by being confined. 
As it not only operates differently in every different substance, 
but undergoes certain changes by every change in the molecules 
or surface of any mass of matter, there are no limits to the effects 
that are produced by such changes.—It is difficult to reason on 
the operations of nature and the motions and influence of matter 
not perceptible to the he In the present case, however, said 
Mr. Shand, we are enabled to judge, partly by our ocular faculty 
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and in part from our sense of hearing. That the vibratory and 
undulatory or oscillatory motions are not only prevalent in the 
musical string, but in all matter in a state of agitation, is indi- 
cated by the following facts :—1st. In a musical string of given 
diameter and tension, when set in motion, the extent of the un- 
dulations are in the ratio of the length of the string—each undue 
lation gives out a distinct sound, conformable in duration to the 
extent of the undulation. 2nd. In the walls and ceiling of an 
apartment these principles of action are also equally apparent ; 
wherever there is an extended surface in any one place, the un- 
dulations are also extended, and these 179 855 distinct sounds 
in the ratio of their extent. If the reflections of the human 
voice, by this means, be prolonged, the reflection of one letter 
falls upon the original sound of another letter, and occasions as 
much derangement as if one syllable or word were intermixed 
with another syllable or word; as one letter differs in sound 
from another letter as much as do syllables or words. This is 
one great and leading error in the construction of places for 
public speaking ; and it is alone sufficient to show how fallacious 
the idea is, of relying on the mere form of an apartment, with- 
out attending to and regulating this action, in not only the walls 
and ceiling, but in every reflecting body in an apartment, 
especially in glass, which is the most sonorous material. 3rd. 
The same rules of action are exhibited in water. In the ocean, 
the reach of sea is regulated according to the expanse of water : 
where there is an indent in the land, the wave is extended, 
and the sound it produces is prolonged. Were this action 
regulated by the current of air only, the waves would pass 
in one uniform direction; but this is not the case. 4th. 
These principles of action are, however, more perfectly de- 
fined in the atmosphere, through which sounds are trans- 
mitted with least change, and are preserved separate and 
apart from each other. If analogical reasoning is to be 
applied in this case, and it be admitted that sound is only 
produced by the action of bodies on each other, and ceases the 
instant these become still, there must be spherical intervals of 
rest during vibratory motion, in order to keep sounds apart, in 
conformity to their original formation. In most cases we reason 
as if the atmosphere were the productor, and the only medium 
of conduction, while we overlook the influence of the solid as a 
sonorous reflector. Because analogy is experienced in certain 
points, we endeavour to reconcile its properties to those of light, 
which, like heat, is diminished as it spreads; bat in sonorous 
solids, as it extends to new matter, by bringing additional atoms 
into action, sound is propagated, until action in these atoms is 
reduced by friction. When the influence of the church bell is 
more from a different direction to that of original sound, by 
being reflected from a distance by the walls of buildings, does 
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not the tremulous action of the atmosphere impinging on these 

walls, bring millions of new atoms in the building into ection, 

and consequently new sounds are produced from a distance, and 

in a different direction? Having in view mainly the economy 

of speech in apartments, I shall proceed to this part of my subject 

to which the following facts ere applicable :— An individual who 

is so deaf that he is insensible to upwards of a thousand le 

singing in church, on applying one end of a forked piece of wood to 
his teeth, and the other end to the ledge of the division of the seat- 
before him, he is enabled by this to hear and join in the tune. 

Now it is not merely the partial agency of this wood that is to 
be considered, as, by the spread of the atmospheric vibrations, 
the voice sets in motion every atom of every solid in the church, 
and it is distributed throughout these with more rapidity and 
intensity than by the air, which is incapable of communicating 

the same measure of vibratory influence at any one given point ; 
and it evinces that, being the more rapid and profuse conductor, 
it is the wood that is most rapidly set in motion, and communi- 
cates action and sound to the air in a room. If these observa- 
tions be correct, nothing can be more erroneous than to suppose 
that speech can be regulated within the walls of an apartment 
without regulating the action of the solids which predominantly 
govern it in this case. If sound predominates more in the fibre 
of the wood of the stethoscope than in the aérial passage in it, 
must not the same rule apply in a church, where the seats and 
lathing are almost invariably of pine? In the Albion Church, 
in Glasgow, are exhibited the short undulation, which accords 
with the articulate sound of the voice, and the lengthened un- 
dulation, which, by prolonged sounds overcomes articulation. 
On listening to a preacher there, when it was densely filled, my 
seat was at an extreme angle in the gallery from the pulpit; 1 
heard the speaker with perfect distinctness when he spoke in his 
natural tone, as his voice was mostly reflected by the walls, 
which are of solid masonry ; but when his voice was raised se as 
to act with more force on the ceiling, the longer excursions and 
undulations of the then hollow ceiling produced prolonged 
reflections, which drowned speech. In St. Andrew’s Church 
very different effects are produced in the galleries and lower 
part of it. Inthe galleries the ceilings are low and curved, and 
the voice, acting within the curvatures, produces prolonged and 
concentrated reflections (as in all such cases,) inimical to speech; 
the windows are much exposed to the voice, and the divisions 
of the seats rise too much above each other, all which occasion 
lengthened reverberations, to the prejudice of speech. The 
asperities presented by the ornaments on the walls, and the 
capitals of two ranges of Corinthian pillars, occasion harsh re- 
ftections, which are unpleasant. All these defects, are however, 
lost in a great measure, in the lower part of the building, where 
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little inconvenience is experienced. As the detection of error 
points the way to truth, I shall now advert to the defects in 
two churches. First, Dr. Lee’s, in St. Giles’s, Edinburgh, in 
which the General Assembly met, but were obliged to abandon 
it as their place of meeting. The body of this church is of 
considerable length, but narrow, and the walls being deep and 
near to each other, the vibratory and undulatory actions operate 
powerfully upon the voice of a speaker. In these side walls are 
immense Gothic windows opposite to each other, and between 
these echo must sport like boys at battledore and shuttle- 
cock. A few feet behind the pulpit is a large window, and a 
vertical sounding-board, parallel with the back part of the 
pulpit ; while the recess where the pulpit is placed on one side 
of the nave of the church is wainscoted to the height of about 
four feet. The wooden floors are mostly hollow or vaulted 
underneath, and the lower edges of the divisions of the seats 
on the ground floor rest on the hollow flooring; so that the 
whole of this concatenation of glass and thin deal boards are 
arranged as if the architect had intended to produce as much 
vibratory action as possible, and, consequently, sonorous re- 
flections. Such are the effects, that the preacher is very indis- 
tinctly heard at the distance of twenty feet, and there are two 
galleries at the extremities of the church which are locked up 
as useless. Similar causes produce similar effects in St. Luke’s 
Church in Liverpool. Here there is a locomotive pulpit, for 
the purpose of rolling the preacher from place to place ; but 
there is even a gross evil in this vehicle, which accompanies it 
and the speaker to whatever point he may be conveyed. The 
canopy over his head is a deep hollow body, formed of thin 
deal; it is literally a drum, as may be understood by striking 
it with the knuckle of the hand, and produces deep hoilow 
sounds, operating in a transverse direction, and most preju- 
dicially on the voice of a speaker. But the chief cause of con- 
fusion is metal windows with large panes of glass ; the crystals 
of both these bodies, having similar action, are more sonorous 
than wood and glass combined. The divisions of the seats rest 
on porous freestone, and the foundation of this building, like 
others in the same locality, is probably on sandstone, and both 
these give additional effect to other sonorous materials connected 
with them. The chancel of St. Luke’s is much narrower than 
the body of the church, therefore the windows are brought 
nearer together, and to the person officiating at the communion 
table; consequently, the reflections from these must so over- 
come his voice, that he cannot be understood by the congrega- 
tion in the nave of the church. It is not by creating additional 
or increasing reflected sounds, but by bringing the action of 
the reflecting surreunding solids to move in time with the 
mechanism by which speech is produced, and, by this means, 
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reflected sounds to accord with every distinct letter that the 
speaker pronounces ; it is by shortening the action, and limit- 
ing the time of each distinct reflection from the glass, thin deal 
boards, &c., to the time in which each letter is formed by the 
speaker. This, in fact, however simple it may seem, must be 
effected, otherwise no form in the walls of an apartment for 
public speaking can accomplish what is necessary for the eco- 
nomy of speach. It is true, we are told by the late evidence 
before a Committee of the Commons, on Sound, &c., that re- 
flections in aid of speech must be taken from one surface, and 
that surface possessing the properties of the pianoforte sounding- 
board ; which is the principle of all others that I would avoid. 
It is precisely that which is adopted in the drum of the loco- 
motive pulpit in St. Luke’s on an extended and more prejudi- 
cial scale, as it must give out prolonged reflections in a trans- 
verse direction to that of the voice, which is predominantly 
delivered horizontally. To shorten the oscillations on ceilings, 
walls, and windows of places for public epeaking, is not the only 
consideration; but, until this shall be effected, no material aid 
can be given to speech within the walls of a building. 


Mr. Epsy read a paper to show that the four fluctuations of 
the barometer, which occur daily, are produced entirely by the 
increasing and diminishing elasticity of the air, due to increas- 
ing and diminishing temperature.—When the sun rises, the air 
begins to expand by heat; this expansion of the air, especially 
of that near the surface of the earth, lifts the strata of air above, 
which will produce a reaction, causing the barometer to rise ; 
and the greatest rise of the barometer will take place when the 
increase of heat in the lower parts of the atmosphere is the 
most rapid, problably about 9 or 10 a.m. The barometer, from 
that time, will begin to fall ; and at the moment when the air is 
parting with its heat as fast as it receives it, the barometer will 
indicate the exact weight of the atmosphere. The barometer, 
however, will continue to descend on account of the diminish- 
ing tension of the air, and consequent sinking upon itself, as 
the evening advances, and its greatest depression will be at the 
moment of the most rapid diminution of temperature, which 
will be about 4 or 5 o'clock. At this moment the barometer 
will indicate a less pressure than the true weight of the atmos- 
phere. The whole upper parts of the atmosphere have now 
ucquired a momentum downwards, which will cause the barome- 
ter to rise above the mean, as the motion diminishes, which 
must take place some time in the night. This rise will be 
small, however, compared with that at 9 or 10 a.m. As the 
barometer now stands above the mean, it must necessarily 
descend to the mean at the moment when itis neither increasing 
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nor diminishing in temperature, which will be a little before 
sunrise. If this is a true explanation of the four fluctuations 
of the barometer in a day, it will follow that the morning rise 
ought to be greater at considerable elevations, provided they 
are not too great, because some of the air will be lifted above 
the place of observation; and such was found to be the case 
by Col. Sykes in India. As this morning rise of the barometer 
depends on the increasing elasticity of the air, and this increas- 
ing elasticity, on heat, Mr. Espy proposed to the mathematicians 
to calculate how much the whole atmosphere is heated from 
sunrise till the time when the barometer stands highest, the 
actual rise of the barometer being given. In this way meteor- 
ology may assist astronomy. 

Prof. Forbes doubted the correctness of Mr. Espy’s views of 
the cause of the great daily fluctuation of the barometer at 
elevated stations; for, towards two or three o'clock, the heat 
being greatest, its effect in lifting up the inferior air to and 
above the elevated station should then be greatest, whereas that 
time of the day was nearer to the time of minimum height 
of barometer than its maximum. 
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LECTURE V. 


When the electric force, of either a negatively excited stick 
of sealing wax, or of a positively excited glass tube, is suffi- 
ciently powerful, their polarizing influence may be extended 
through a series of metallic rods, placed end to end, having a 

late of air, of about half an inch in thickness, between them. 
If for instance, we employ two of these rods, and place their 
axes in the same right line, at ‘about half an inch asunder, 
as represented by fig. 3, and furnished with pith balls, we shall 
have them ready for the experiments. 


fig. 3. 


Let us now excite the glass tube, and you will see that, when 
it is presented to the outside ball of the rod B, in the manner 
shown in fig. 2, page 172, the whole of the four pairs of pith 
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balls will diverge, showing that both the rod B and the rod A 
are electrical. You will observe, also, that those two next to 
the excited tube, will not only diverge trom ene another, but 
they will also have a tendency to approach the tube. And by 
paying attention to the other balls, it will be seen that those 
belonging to the inner extremities of the reds A and B, have 
also a tendency to cume together; that is, although the balls 
of each pair will diverge from one another, those belonging to 
the different rods lean towards each other; and, indeed, very 
frequently come into contact with each ather, 


Now, from the facts which I have before brought to your 
notice, respecting the conditions under which bodies attract one 
another by the influence of electric forces, you will easily un- 
derstand that the outer balls of the rod B, which have a ten- 
dency to approach the glass tube, must necessarily be in an 
opposite electric state to that tube, otherwise they would have 
no tendency to move in that direction. Hence, they are ne- 
gatively electrical ; and as they are in the same cundition as that 
end of the rod to which they are attached, that part of the 
metal is also negative. This is also the case with the balls at- 
tached to the inner extremity of the rod A, and consequently 
with that end of the rod itself: and as the balls attached to the 
inner extremity of the rod B, are attracted to those belongi 
to the inner extremity of A, those extremities of the two rods 
are differently electrical, and consequently the inner extremity 
of the rod B is positive. 


The balls attached to the outer extremity of the rod A, and 
consequently that end of the rod itself, may be shown to be 
positively electrical by the usual means, already noticed, either 
by the application of a negatively excited stick of sealing wax, 
or by a positively excited glass tube. And the same tests may 
also be applied to the two pairs of balls attached to the inner 
ends of the rods A and B. The outer pair of balls belongi 
to the rod B, may also be tested by a negatively electric sti 
of sealing wax. 


If, instead of employing two rods only, as in those last ex- 
periments, we were to place three or four in a row, every rod 
would become electro-polar, upon the principle above descrided. 
For instance, by presenting an excited glass tube, the nearest 
extremity of every conductor would become electro-negative, 
and their farther extremities electro-positive. In such cases, 
the brass rods polarize one another after the polarizing of the 
first one, by the excited glass tube ; for the accumulated elec- 
tric fluid at the remote extremity of the first rod, displaces the 
fluid belonging to the second one; and the accumulated fluid 
at the remote extremity of the second rod exercises a similar 
action on the fluid of the third rod; and so on through the 
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whole series. But as the polarizing action deereases with every 
additional rod, the series of rods which can be polarized by 
these means, is limited to a very few. But, in all cases, the 
polarizing effects are exalted by connecting the rod, most re- 
mote from the glass tube, with the ground by some good con- 
ductor; the reason of which is, that the resistance to the dis- 
-turbance of the fluid, in the other rods, is lessened by giving 
free access to the ground to the fluid in the most remote one. 


This last fact will lead us to another by merely a trifling 
Variation in the experiment. Let us now employ one insulated 
brass rod only ; and polarize it by the approach of a positively 
excited glass tube. Its pith balls, at both extremities, will di- 
verge as usual. Now place a finger on the remote end of the 
metallic rod, and the balls at the nearest end will diverge more 
than before. Take away the fingers whilst the rod is still under 
the influence of the electric tube, and then gradually draw the 
tube away also. You will now observe that both pairs of pith 
balls first collapse, and when the tube is entirely removed from 
the vicinity of the rod, they again open, and remain divergent 
for some considerable time afterwards. Now test the electric 
state of the rod, and it is found that the whole of it is negatively 
electrical. Now the reason of this is very obvious when we 
consider some of the particulars of the previous experiments ; 
for the application of the finger to the rod whilst under the in- 
fluence of the excited glass tube, gave an opportunity for a 
portion of the electric fluid to depart from the rod; and by 
taking away the finger whilst the rod was still under that in- 
fluence, the latter was left insulated with less fluid thanzit pre- 
viously had possession of. 


I must now point out another fact which very frequently at- 
tends many of the experiments I have hitherto offered to your 
Notice, because if you were not acquainted with it you might 
probably, on many occasions, arrive at wrong conclusions re- 
specting the electric characters of any electrized body presented 
to the electroscope. When the excited glass tube is kept pre- 
sented to the brass arm of the electroscope for a minute or two, 
a portion of the fluid naturally belonging to the brass arm, is 
driven out through the medium of the asperities on the surfaces 
of the balls, and the fibres of the threads by which they are 
suspended: and, although the polarization of the brass rod 
holds good whilst under the electric force of the tube, when you 
withdraw the latter slowly, the polarization gradually subsides, 
and at a certain distance the force on the tube permits the balls 
of each pair to collapse and hang together ; but when the tube 
is still further removed from the brass rod, its electric influence 
is no longer in operation, and the balls again diverge, being 
left in a negative condition in common with the rod to which 
they are attached. It is exceedingly important that this fact 
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should be well understood, because there is a strong prebability 
that from a want of this piece of information, many errors have 
arisen by those who only occasionally employ an electroscope. 
I shall, very shortly have to describe electroscopes of much 
greater delicacy than that we have hitherto operated with ; but 
they are all susceptible of similar electro-polarization, and loss 
of fluid, which, if not taken into consideration, would necessarily 
lead to mistaken conclusions. 


The employment of negatively electric bodies, such as ex- 
cited sealing wax against fur; for, in such cases, the remote 
extremities of the electroscope being negative by the polarizing 
influence of the wax, they draw in an additional quantity of 
the electric fluid from, the surrounding air, which, when the 
wax is withdrawn, leaves them in an overcharged or positive 
condition, as may be understood by the usual tests with which 
you have now become familiar. 


Hitherto we have employed brass rods only, for our illustra- 
tions of electro-polarization; but we must now proceed with 
metallic bodies of other figures ; and we will commence with a 
thin metallic disc, which may be about six inches in diameter. 
It must be well rounded, and made smooth at the edge, and 
insulated on a glass stem with its plane in a vertical position. 
A disc of common tin, (tinned iron) neatly wired round its 
margin, answers very well for purposes of this kind: and a 
thread passing through a small hole a little above its centre, 
having a light pith ball at each end, answers very well for an 
electroscope. 


The manner of polarising the disc of metal, is by approaching 
one of its flat sides with an electrized body: for instance, 
either an excited glass tube, or an excited stick of sealing-wax. 
The pith ball on that side next to the polarizing body, will 
approach it, and the other will recede from it. Hence, you will 
observe, that both balls quit the surface of the metal, each be- 
ing repelled by the surface to which it belongs. They may be 
proved to be in different electric conditions by the different 
tests. When the polarizing body is excited smooth glass, the ball 
next to it is negative, and that on the opposite face of the disc 
is positively electrical. Hence, the law of polarization of the 
thin disc is in accordance with that which is developed by the 
polarization of long pieces of metal; and it is a matter cf no 
consequence how thin the disc may be, the polarization of its 
two surfaces is as complete as if it were of considerable thickness ; 
one face being electro-positive, and the other electro-negative. 


The electro-polarization of thin pieces of metal lead as to the 
employment of another piece of apparatus, called the electro- 
phorous ; whose action could not have been well understood 
without a previous acquaintance with that fact: 
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Fig. 4 


consists of a circular tin dish, with a vertical rim, about three 
quarters of aninch high. This metallic dish is to be filled with 
some resinous matter, whilst in a melted condition. Pitch 
alone is too soft, otherwise it would answer for the resinous 

of the apparatus. A mixture of about equal parts of pitch and 
rozin, well incorporated with each other, form a very good 
con. pound for this purpose. Some employ lac, rozin, bees’ 
wax, &c., mixed together, but I never yet saw a better electro- 
phorous than those made with a mixture of pitch and rozin. 
The size will, of course, vary the electric power of the instru- 
ment, but when a dish is about twelve inches diameter, the 
power is sufficiently great for ordinary purposes. Besides the 
metallic base, and the resinous cake, there is also a disc of metal 
S, of about two inches less diameter, with a glass handle H, 
which form the cover of the instrument. Hence, the electro- 
phorous, consists of three principal parts. The sole M, M, the 
resinous cake E, E, and the cover S, which, by its ingeneous 
inventor, M. Volta, is called Scudio. 


The electrophorous is employed in the following manner :— 
Excite the resinous cake, when warm and dry, by whipping its 
surface with a warm and dry silk handkerchief This process 
gives it a negative electric action: and the excitation is best 
accomplished when the sole M, M, is in good conducting con- 
nexion with the ground. Touching it with the finger does pret 
well, but resting it on your knee, whilst sitting, answers mu 
bette r 

When the electrophorous has become excited, place upon 
its surface, by taking hold of the glass handle, the cover S, 
leaving a margin of the resinous cake uncovered. In this posi- 
tion, the inequalities on the surface of the cake, prevent the 
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cover from coming into general contact with it: which, instead 
of partaking of the negative character of the cake, becomes 
electro-polar , fm its influence : its lower side being electro- 
positive, and its upper one electro-negative. Now touch the 
cover with a finger, and a smart spark is seen passing from the 
finger to the cover. Now, take up the cover by its glass handle, 
and present its edge to your knuckle, and again a spark passes 
between them. You may now repeat this experiment many 
times, by touching the cover each time before it is removed from 
the resinous cake, without any further excitations. When the 
apparatus is kept warm and dry, it will keep in action for several 


days. 


Prize Volumes of the Annals of Electricity, &c. 


In order to stimulate and promote experimental inguiry, in 
the various departments of Electricity and Magnetism, the 
Editor proposes to offer prize volumes of the Annals, to those 
experimenters who may be most successful in the following 
subjects :— 

Ist. For a description of: the most powerful soft iron, or 
Electro-magnet, in proportion to the weight of the iron em- 
ployed in its structure; which is not to be less than 10lb. The 
voltaic battery employed will be at the option of the experimenter ; 
and is to be described by him, with the manner of using it in the 
experiments with the soft iron magnet. 

2nd. For the invention of an electrical-machine, more power- 
ful, in proportion to size, than the usual plate, or cylindrical form. 
A full description of the apparatus, with a suitable drawing, will 
be required. | 

3rd. For an account of the most extensive and best conducted 
experiments of the electricity of the steam of boilers of high or 
low pressure engines; with all the particulars respecting the 
character of the water employed in each boiler; and such other 
particulars as may appear interesting. 

4th. For the best mode of procuring Electro-type Plates, dif- 
ferent from those published. 

Sth. For the best paper un any branch of experimental research 
in Electricity or in Magnetism. | 

The prize for each of the above subjects will be Volume VI., 
of the “Annals of Electricity, Magnetism and Chemistry, &c.“ 
bound, and gold lettered in the first-rate style, with a suitable 
emblem and motto. To be presented to the successful candidates, 
or their agents, (in London, if required,) on the first day of 
August, 1841. 

The communications on the above subjects are to be addressed 
to Mr. William Sturgeon, Royal Victoria Gallery of Practical 
Science, Manchester, on or before the Ist day of May, 1841. 
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Further researches on the Magnetic Phenomena produced by 
Electricity : with some new experiments on the Properties of 
Electrified Bodies in their relation to Conducting Powers and 
Temperature. By Sir Humpury Davy, BAR r., P. R. S. 


From Pui. Trans. for 1821. 
- Read July 15th, 1821. 


I. In my letter to Dr. Wollaston on the new facts discovered 
by M. Ersted, which the society has done me the honour to 
publish, I mentioned that I was not able to render a bar of steel 
magnetic by transmitting the electrical discharge across it through 
a tube filled with sulphuric acid; and I have likewise men- 
tioned, that the electrical discharge passed across a piece of steel 
through air, rendered it less magnetic than when passed through 
a metallic wire; and I attributed the first circumstance to the 
sulphuric acid being too bad a conductor to transmit a suffi- 
cient quantity of electricity for the effect; and the second, to 
electricity passing through air in a more diffused state than 
through metals. 

To gain some distinct knowledge on the relation of the differ- 
ent conductors to the magnetism produced by electricity, I in- 
stituted a series of experiments, which led to very decisive re- 
sults, and confirmed my first views. 


II. I found that the magnetic phenomena were precisely the 
same, whether the electricity was small in quantity, and passing 
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through good conductors of considerable magnitude; or, 
whether the conductors were so imperfect as to convey only a 
small quantity of electricity ; and in both cases they were 
neither attractive of each other, nor of iron filings, and not 
affected by the magnet ; and the only proof of their being mag- 
netic, was their causing a certain small deviation of the magne- 
tized needle. 


Thus; a large piece of charcoal placed in the circuit of a very 
powerful battery, being a very bad conductor compared with 
the metals, would not affect the compass needle at all, unless it 
had a very large contact with the metallic part of the circuit ; 
and if a small wire was made to touch it in the circuit only ina 
few points, that wire did not gain the power of attracting iron 
filings ; though, when it was made to touch a surface of plati- 
num foil coiled round the end of the charcoal, a slight effect of 
this kind was produced. And ina similar manner fused hy- 
drate of potassa, one of the best of imperfect conductors, could 
never be made to exert any attractive force on iron filings, nor 
could the smallest filaments of cotton moistened by solution of 
hydrate of potassa, placed in the circuit, be made to move by 
the magnet ; nor did steel needles floating on cork on an elec- 
trized solution of this kind, placed in the voltaic circuit, gain 
any polarity: and the only proof of the magnetic powers of 
electricity passing through such a fluid, was afforded by its 
_ effect upon the magnetized needle, when the metallic surfaces, 

plunged in the fluid, were of considerable extent. That the 
mobility of the parts of fluids did not interfere with their mag- 
netic powers as developed by electricity, I proved, by electri- 
fying mercury, and Newron’s metal fused, in small tubes. 
These tubes, placed in a proper voltaic circuit, attracted iron 
filings, and gave magnetic powers to needles: nor did any agi- 
tation of the mercury or metal within, either in consequence of 
mechanical motion or heat, alter or suspend their polarity. 


III. Imperfect conducting fluids do not give polarity to steel 
when electricity is passed through them ; but electricity passed 
through air produces this effect. Reasoning on this phenomenon, 
and on the extreme mobility of the particles of air, I conclude, 
as M. Araco had likewise done from other considerations, that 
the voltaic current in air would be affected by the magnet. I 
failed in my first trial, which I have referred to in a note to m 
former paper, and in other trials made since by using too wreak 
a magnet ; but I have lately had complete success: and the ex- 
periment exhibits a very striking phenomenon. 


Mr. Pepys having had the goodness to charge the great bat- 
tery of the London Institution, consisting of two thousand 
double plates of zinc and copper, with a mixture of 1168 parts 
of water, 108 parts of nitrous acid, and 25 parts of sulphuric 
acid, the poles were connected by charcoal, so as as to make an 
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are, or column of electrical light, varying in length from one to 
four inches, according to the state of rarefaction of the atmos- 
phere in which it was produced ; and a powerful magnet being 
presented to this arc, or column, was attracted or repelled with 
a rotatory motion, or made to revolve, by placing the poles in 
different positions, according to the same law as the electrified 
cylinders of platinum described in my last paper, being repelled 
when the negative pole was on the right hand by the north pole 
of the magnet, and attracted by the south pole, and vice versa. 


It was proved by several experiments that the motion de- 
pended entirely upon the magnetism, and not upon the electrical 
inductive power of the magnet, for masses of soft iron, or of 
other metals, produced no effect. 


The electrical arc or column of flame, was more easily affected 
by the magnet, and its motien was more rapid when it passed 
through dense than through rarefied air: and in this case, the 
conducting medium or chain of eriform particles was much 
shorter. 

I tried to get similar results with currents of common electri- 
city sent through flame, and in vacuo. They were always 
affected by the magnet: but it was not possible to obtain so de- 
cided a result as with voltaic electrity, because the magnet itself 
became electrical by induction, and that whether it was insu- 
lated or connected with the ground.* 


IV. Metals, it is well known, readily transmit large quanti- 
ties of electricity: and the obvious limit to the quantity which 
they are capable of transmitting seems to be their fusibility, or 
volatilization by the heat which electricity produces in its pas- 
sage through bodies. 

Now I had found in several experiments, that the intensity 
of this heat was connected with the nature of the medium by 
which the body was surrounded: thus a wire of platinum which 
was readily fused by transmitting the charge from a voltaic bat- 
tery in the exhausted receiver of an air pump, acquired in air a 
much lower degree of temperature. Reasoning on this circum- 
stance, it occurred to me, that by placing wires in a medium 
much denser than air, such as ether, alcohol, oils, or water, I 
might enable them to transmit a much higher charge of electri- 
city than they could convey without being destroyed in air: and 
thus not only gain some new result as to the magnetic states of 
such wires, but, likewise, perhaps, determine the actual limits 


„ I made several experiments on the effects of currents of electricity 
simultaneously passing tbrough air in different states of rarefaction in the 
same and different directions, both from the voltaic and common electrical 
batteries, but I could not establish the fact of their magnetic attraction or 
repulsion with regard to each other, which probably was owing to the im- 
possibility of bringing them sufficiently near. 


` 
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to the powers of different bodies to conduct electricity, aad the 
relations of these powers. 


A wire of platinum of 2 of three inches in length, was fused 


in air, by being made to transmit the electricity of two batteries 
of ten zinc plates of four inches with double coppers, strongly 
charged: a similar wire was placed in sulphuric ether, and the 
charge transmitted through it. It became surrounded by glo- 
bules of gas: but no other change took place: and in this situ- 
ation it bore the discharge from twelve batteries of the same 
kind, exhibiting the same phenomena. When only about an 
inch of it was heated by this high power in ether, it made the 
ether boil, and became white hot under the giobules of the 
vapour, and then rapidly decomposed the ether, but it did not 
fuse. When oil or water was substituted for the ether, the 
length of the wire remaining the same, it was partially covered 
with small globules of gas, but did not become red hot. 


On trying the magnetic powers, of this wire in water, they 
were found to be very great, and the quantity of iron filings 
that it attracted, was such as to form a cylinder round it of 
nearly the tenth of an inch diameter. 


To ascertain whether short lengths of fine wire, prevented 
from fusing by being kept cool, transmitted the whole electri- 
city of powerful voltaic batteries, I made a second independent 
circuit from the ends of the battery with ‘silver wires in water, 
so that the chemical decomposition of the water indicated a re- 
siduum of electricity inthe battery. Operating in this way, I 


found that an inch of wire of platinum of 2, kept cool by water 


left a great residual charge of electricity in a combination of 
twelve batteries of the same kind as those above mentioned : 
and after making several trials, I found that it was barely ade- 
quate to discharge six batteries. a 


V. Having determined that there was a limit to the quantity 
of electricity which wires are capable of transmitting, it became 
easy to institute experiments on the different conducting powers - 
of different metallic substances, and on the relation of this power 
to the temperature, mass, surface, or length of the conducting 
body, and to the conditions of electro-magnetic action. 


These experiments were made as nearly as possible under the 
same circumstances, the same connecting copper wires being 
used in all cases, their diameter being more than one-tenth of 
an inch, and the contact being always preserved perfect ; and 
the part of the same solutions of acid and-water were employed 
in the different batteries, and the same silver wires and broken 
circuit with water were employed in the different trials: and 
when no globules of gas were observed upon the negative silver 
wire of the second circuit, it was concluded that the metallic con- 
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ducting chain, or the primary circuit, was adequate tothe discharge 
of the combination. To describe more minutely all the precau- 
tiens observed, would be tedious to those persons who are accus- 
tomed to experiments with the voltaic apparatus, and unintelligi- 
ble to others; and after all, in researches of this nature, it is 
imposible to gain more than approximations to true results ; for 
the gas disengaged upon the plates, the diferent distances of 
the connecting plates, and the slight difference of time in 
making the connections, all interfere with their perfect accuracy. 


The most remarkable result that I obtained by these re- 
searches, and which I shall mention first, as it influences all the 
others, was, that the conducting power of metallic budies varted 
wilh the temperature, and was lower in some inverse ratio as the 
temperature was higher. 


Thus a wire of platinum of 1-220, and three inches in length, 
when kept cool by oil, discharged the electricity of two batteries, 
or of twenty double plates ; but when suffered to be heated by 
exposure to air, it barely discharged one battery. 


Whether the heat was occasioned by the electricity, or applied 
to it from some other source, the effect was the same. Thus a 
wire of platinum, of such length and diameter as to discharge a 
combination without being considerably heated ; when the flame 
of a spirit lamp was applied to it so as to make a part of it red 
hot, lost its power of discharging the whole electricity of the 
battery, as was shown by the disengagement of abundance of 
gas in the secondary circuit: which disengagement ceased as 
soon as the source of heat was withdrawn. 


There are several modes of exhibiting this fact, so as to pro- 
duce effects which, till they are witnessed, must almost appear 
impossible. Thus, let a fine wire of platinum of four or five 
inches in length be placed in a voltaic circuit, so that the elec- 
tricity passing through it may heat the whole of it to redness, 
and let the flame of a spirit lamp be applied to any part of it, 
so as to heat that part to whiteness, the rest of the wire will be- 
come cooled below the point of visible ignition. For the con- 
verse of the experiment, let a piece of ice or a stream of cold air 
be applied to a part of the wire ; the other parts will immediately 
become much hotter, and from a red will rise to a white heat. 
The quantity. of electricity that can pass through that part of 
the wire submitted to the changes of temperature, is so much 
smaller when it is hot than when it is cold, that the absolute 
temperature of the whole wire is diminished by heating a part 
of it, and, vice versa, increased by cooling a part of it. 

In comparing the conducting powers of different metals, I 
found much greater difference than I had expected. Thus six 
inches of silver wire 1-220 discharged the whole of the electri- 
city of sixty-five pair of plates of zinc and double copper made 
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active by a mixture oſ about one part of nitric acid of commerce, 
and fifteen parts of water.. Six inches of copper wire of the 
same diameter discharged the electricity of fifty-six pairs of the 
same combination, six inches of tin of the same diameter carried 
off that of twelve only, the same quantity of wire of platinum 
that of eleven, and of iron that of nine, Six inches of wire of 
lead 1-220 seemed equal in their conducting power to the same 
length of copper wire of 1-220. All the wires were kept as 
cool as possible by immersion in a basin of water. 


I made a number of experiments of the same kind, but the 
results were never precisely alike, though they sometime ap- 
proached very near each other. When the batteries were highly 
charged, so that the intensity of the electricity was higher, the 
differences were less between the best and worst conductors, 
and they were greater when the charge was extremely feeble. 
Thus, with a fresh charge of about one part of nitric acid, and 
nine parts of water, wires of 1-220 of silver and platinum five 
inches long, discharged respectively the electricity of thirty, and 
seven double plates. . 


Finding that when different portions of the same wire plunged 
in a non-conducting fluid were connected with different parts of 
the same battery equally charged, their conducting powers ap- 
peared in the inverse ratio of their lengths: so, when six inches 
of wire of platinum 1-220 discharged the electricity of ten 
double plates, three inches discharged that of twenty, 14 inch 
that of forty, and one inch that of sixty: it occurred to me that 
the conducting powers of the different metals might become 
easily compared in this way, as it would be possible to make the 
contacts in less time than when the batteries were charged, and 
consequently with less variation in the charge. 


Operating in this way, 1 ascertained that in discharging the 
electricity of sixty pairs of plates, one inch of platinum was 
equal to about six inches of silver, to 5$ inches of copper, to 4 
of gold, to 3-8 of lead, to about 9-10 of palladium, and 8-10 of 
iron, all the metals being in a cooling fluid medium. 


I found, as might have been expected, that the conducting 
power of a wire for electricity, in batteries of the size and num- 
ber of plates just described, was nearly directly as their mass: 
thus, when a certain length of wire of platinum discharged one 
battery,* the same length of wire of six times the weight, dis- 
charged six batteries ; and the effect was exactly the same, pro- 
vided the wires were kept cool, whether the mass. was a single 
wire, or composed of six of the smaller wires in contact with 
each other. This result alone showed, that the surface had no 
relation to conducting power, at least, for electricity of this kind, 
and it was more distinctly proved by a direct experiment : equal 


A foot of this wire weighed 1'13 grains, a fuot of the other 6-7 grains. 
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lengths and equal weights of wire of platinum, one round and 
one flattened by being passed transversely through rollers so as 
to have six or seven times the surface, were compared as to con- 
ducting powers; the flattened wire was the best conductor in 
air from its greater cooling powers, but in water no difference 
could be perceived between them. 


VI. I tried to make a comparison between the conducting 
powers of fluid menstrua and charcoal and those of metals. Six 
inches of platinum foil, an inch and one-fifth broad, were placed 
in a vessel which could be filled with any saline solution: and 
a similar piece of platinum placed opposite at an inch distance; 
the whole was then made part of a voltaic circuit, which had 
likewise another termination by silver wires in water: and solu- 
tion of salts added, till gas ceased to be liberated from the nega- 
tive silver wire. In several trials of this kind it wag found that 
the whole of the surface of six inches, even with the strongest 
solutions of common salt, was insufficient to carry off the elec- 
tricity of even two pairs of plates; and a strong solution of 
potassa carried off the electricity of three pair of plates only; 
whereas an inch of wire of platinum of 1-220 (as has been stated) 
carried off all the electricity of sixty pair of plates. The gas 
liberated upon the surface of metals when they are placed in 
fluids, renders it impossible to gain accurate results: but the 
conducting power of the best fluid conductor, it seems probable 
from these experiments, must be some hundreds of. thousand 
times less than those of the worst metallic conductors. 


A piece of well-burnt compact boxwood charcoal was placed 
in the circuit, being 3-10th of an inch wide by 1-10th thick, 
and connected with large surfaces of platinum. It was found 
that one inch and 9-10th carried off the same quantity of elec- 
tricity as six inches of wire of platinum of 1-220. 


VII. I made some experiments with the hope of ascertaining 
the exact change of ratio of the conducting powers dependent 
upon the change of the intensity and quantity of electricity ; but 
I did not succeed in gaining any other than the general result, 
that the higher the intensity of the electricity, the less difficulty 
it had in passing through bad conductors: and several remark- 
able phenomena depended upon this circumstance. 


Thus, in a battery when the quantity of electricity is very 
great and the intensity very low, such as are composed of plates 
of zinc and copper, so arranged as to act only as single plates 
of from twenty to thirty-feet of surface each, and charged: by a 
weak mixture of acid and water. Charcoal made to touch only 
in a few points, is almost as much an insulating body as water, 
and cannot be ignited, nor can wires of platinum be heated when 
their diameter is less than 1-80th of an inch, and their length 
three or four feet; aud a foot of platinum wire of 1-30 is 
scarcely heated by such a battery, whilst the same length of 
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silver wire of the same diameter is made red hot: and the same 
lengthsjof thicker wires of platinum or iron are intensely heated. 


The heat produced. where electricity of considerable intensity 
is passed through conductors, must always interfere with the 
exact knowledge of the changes of their conducting powers, as 
is proved by the following experiment :—A battery of twenty 
pair of plates of zinc, and copper plates ten inches by six, was 
very highly charged with a mixture of vitriolic acid and water, so 
as to exhibit a considerable intensity of electrical action, and the 
relative conducting process of silver and platinum in air and 
water ascertained by means of it. In air, six inches of wire of 
platinum of one-eightieth, discharged only four double plates, 
whilst six inches of silver wire of the same diameter, discharged 
the whole combination, the platinum was strongly ignited in this 
experiment, whilst the silver was scarcely warm to the touch. 
On cooling the platinum wire by placing it in water, it was 
found to discharge ten double plates. When the intensity of the 
-~ electricity is very high, however, even the cooling powers of fluid 
media are of very little avail: thus, I find, that fine wire of 
platinum was fused by the discharge of a common electrical 
battery under water: so that the conducting power must always 
be diminished by the heat generated, in a greater proportion as 
the intensity of the electricity is higher. 


It might at first view be supposed, that when a conductor 
placed in the circuit, left a residuum of electricity in any battery, 
increase of the power of the battery, or of its surface, would not 
enable it to carry through any additional quantity. This, how- 
ever, is far from being the case. 


When saline solutions were placed in the circuit of a battery 
of twenty plates, though they discharged a very small quantity 
only of the electricity, when the troughs were only one quarter 
full, yet their chemical decomposition exhibited the part of a 
much larger quantity passing through them, when the cells were 
filled with fluid. 


And a similar circumstance occurred with respect to a wire of 
platinum, of such a length as to leave a considerable residuum 
in a battery, when only half its surface was used: yet when 
the whole surface was employed, it became much better, and 
nevertheless left a still more considerable residuum. 


VIII. I found long ago, that in increasing the number of 
alternations of similar plates, the quantity of 1 seemed 
to increase as the number, at least as far as it could be judged 
of by the effects of heat upon wires; but only within certain 
limits, beyond which the number appeared to diminish, rather 
than increase the quantity. Thus, the two thousand double 
plates of the London Institution, when arranged as one battery, 
would not ignite so much wire as a single battery of two plates 
with double copper. 
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It it not easy to explain this result. Does the intensity mark 
the rapidity of the motion of the electricity? or, merely its 
diminished attraction for the matter on which it acts? And 
does this attraction become less in proportion as the circuit 
through which it passes, or in which it is generated, contains a 
greater number of alternations of bad conductors ? 


Mr. Children, in his account of the experiments made with 
his battery of large plates, hus ingeniously referred the heat 
produced by the passage of electricity through conductors, to 
be resistance it ineets with, and has supposed, what proves to be 
the fact, that the heat is in some inverse ratio to the conducting 
power. The greatest heat, however, is produced in air, where 
there is reason to suppose the least resistance ; and as the pre- 
sence of heat renders bodies worse conductors, another view may 
be taken, namely, that the excitation of heat occasions the im- 
E of the conducting power. But till the causes of 

eat and electricity are known, and of that peculiar constitution 
of matter which excites the one, and transmits or propagates 
the other, our reasoning on this subject must be inconclusive. 


I found that when equal portions of wire of the same diame- 
ter, but of different metals, were connected together in the 
circuit of a powerful voltaic battery, acting as two surfaces, 
the metals were heated in the following order :—iron most, then 
palladium, then platinum, then tin, then zinc, then gold, then 
lead, then copper, and silver least of all. And from one expe- 
riment, in which similar wires of platinum and silver joined in 
the same circuit, were placed in equal portions of oil, it appeared 
that the generation of heat was nearly as their conducting power. 
Thus the silver raised the temperature of the oil, only four de- 
grees, whilst the platinum raised it twenty-two. The same 
relations to heat seem to exist, whatever is the intensity of the 
electricity : thus circuits of wires placed under water, and acted 
on by the common elcctrical discharge, were heated inthe same 
order as the voltaic battery, as was shown by their relative 
fusion; thus iron fusing before platmum, platinum before gold, 
and so on. 


If a chain be made of wire of platinum and silver, in alternate 
links soldered together, the silver wire being four or five times 
the diameter of the platinum, and placed in a powerful voltaic 
circuit, the silver links are not sensibiy heated, whilst all those 
of the platinum become intensely and equally ignited. This is 
an important experiment for investigating the nature of head. 
If heat be supposed a substance, it cannot be imagined to be 
expelled from the platinum, because an unlimited quantity may 
be generated from the same platinum, i. e. as long as the elec- 
tricity is excited, or as often as itis renewed. Or if it is su 
pose to be identical with, or an element of, electricity, it ought 
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to bear some relation to its quantity, and might be expected to 
be the same in every part of the chain, or greatest in those 
parts nearest the battery. 


IX. The magnetism produced by electricity, though with the 
same conductor, it increases the heat, as I mentioned in my last 
paper, yet with different conductors I find it follows a very 
different law. Thus, when a chain is made of different con- 
ducting wires, and they are placed in the same circuit, they all 
exhibit equal magnetic powers, and take up equal quantities of 
iron filings. So that the magnetism seems directly as the quan- 
tity of electricity which they transmit. And when in a highly 
powerful voltaic battery, wires of the same diameter and length, 
but of which the best conducting is incapable of wholly dis- 
charging the battery, are made, separately and successively, to 
form the circuit, they take up different quantities of iron filings, 
in some direct proportion to their conducting powers. 


Thus, in one experiment, two inches of wire of one-thirtieth 
of an inch being used, silver took up thirty-two grains, copper 
twenty-four, platinum eleven, and iron eight and two-tenths. 
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On the Electrical Phenomena exhibited in Vacuo. By Sir Hun- 
PHRY, BART.; P. R. S. 


From the PRIT. Trans. for 1822, page 64. 


The production of heat and light by electrical discharges: 
the manner in which chemical attractions are produced, des- 
troyed, or modified by changes in the electrical states of bodies ; 
and the late important discovery of the connexion of magne- 
tism with electricity, have opened an extensive field of enquiry 
in physical science, and have rendered investigations concern- 
ing the nature of electricity and the laws by which it is go- 
verned, and the properties which it communicates to bodies, 
much more interesting than at any former period of the history 
of philosophy. 

Is electricity a subtile elastic fluid? or are electrical effects 
merely the exhibition of the attractive powers of the particles 
of bodies? Are heat and light elements of electricity, or merely 
the effects of its action? Is magnetism identical with electri- 
city, or an independent agent, put into motion or activity by 
electricity? Queries of this kind might be considerably mul- 
tiplied, and stated in more precise and various forms: the solu- 
tion of them, it must be allowed, is of the highest importance: 
and though some persons have undertaken to answer them in 
the most positive manner, yet there are, I believe, few sagacious 
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reasoners, who think that our present data are sufficient to ena- 
ble us to decide on such very abstruse and difficult parts of 
corpuscular philosophy. 


It appeared to me an object of considerable moment, and one 
intimately connected with all these enquiries, the relattons of 
electricity to space, as nearly void of matler as tt can be made 
on the surface of the earth ; and, in consequence, I undertook 
some experiments on the subject. 


It is well known to the Fellows of this Society who have 
considered the subject of electricity, that Mr. Watsu believed 
that the electrical light was not producible in a perfect Torri- 
cellian vacuum: and that Mr. Mona drew the same inference 
from his researches: and concluded that such a vacuum pre- 
vented the discharge of coated glass. Now it is well known, 
that in the most perfect vacuum that can be made in the torri- 
cellian tube, vapour of mercury, though of extremely small 
density, exists; I could not help, therefore, entertaining a doubt 
as to the perfect accuracy of these results, and I resolved not 
oniy to examine them experimentaily, but likewise, by using a 
comparatively fixed metal in fusion for making the vacuum, to 
exclude, as far as possible, the presence of any volatile matter. 


The apparatus that Í employed was extremely simple, 
and consisted of a curved glass tube with one leg closed and 
longer than the other. In this closed leg a wire of platinum 
was hermetically cemented, for the purpose of transmitting the 
electricity : or to ascertain the power of the vacuum to receive 
a charge, it was coated with foil of tin or platinum. The open 
end, when the closed leg had been filled with mercury or any 
other metal, was exhausted either by being placed under the 
receiver, or connected with the stop cock of an excellent air 
5 and in some cases, to ensure greater accuracy, the ex- 

ustion was made aſter the tube and apparatus had been filled 
with hydrogen.“ ` 

Operating in this way, it was easy to procure a vacuum either 
of a large or a small size, for the rarified air or gas could be 
made to balance a column of fluid metal of any length, from 20 
inches to the 20th of an inch, and by using only a small quan- 
tity of metal, it could be more easily purged of air. 


I shall first mention the results I obtained with quicksilver: 
I found that by using retently distilled quicksilver in the tubes, 
and boiling it in vacuo six or seven times from the top to the 
bottom, and from the bottom to the top, making it vibrate re- 
peatedly by striking it with a small piece of wood, a column 
was obtained in the tube free from the smallest particle of air: 
but a phenomenon occurred, in discovering the causes of which 


* The figure near the end of this article will best explain the form of the 
apparatus. 
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I had a great deal of trouble. When I used a short tube of 
four or five inches long only, I found, that afler continued 
boiling and much agitation of the mercury, though there was 
no appearance of elastic matter, when the mercury adhered 
strongly to the upper part ot the tube, yet that, after electri- 
zation, or even on suffering the mercury to pass slowly back 
into the closed part, a minute globular space sometimes ap- 
peared : I thought at first that this was air, which, though so 
highly rarefied, as it must have been by the exhaustion, adhered 
to the mercury: and I endeavoured by long boiling the mer- 
cury in an exhausted double syphon, and making the vacuum in 
one of the curves, to prevent entirely the presence of air: but 
the phenomenon always occurred when there was no strong ad- 
hesion of mercury to the glass. This, and another circumstance, 
namely, that when the leg in which the torricellian vacuum was 
made was 15 or 16 inches long, the phenomenon was very 
rarely perceptible, and always disappeared when the tube was 
inverted, and the mercury made to strike the top with some 
force, led me to conclude that the minute space was really filled 
with the vapour of mercury: the attraction of the particles of 
the fluid mercury for each other preventing their actual contact 
with the glass, except when this contact was forcibly made by 
mechanical means: and I soon proved that this was the case; 
for by causing the mercury, when its column was short, to 
descend into the more perfect from the less perfect vacuum, 
with more or less velocity, I could make the space more or less, 
or cause its disappearance altogether, in which last case the 
cohesion between the mercury and the glass was always ex- 
tremely strong. 

I found that in all cases when the mercurial vacuum was 
perfect, it was permeable to electricity, and was rendered lumi- 
nous by either the common spark, or the shock from a Leyden 
jar, and the coated glass surrounding it became charged: but 
the degree of intensity of these phenomena depended upon the 
temperature: when the tube was very hot, the electrical light 
appeared in the vapour of a bright green colour, and of great 
density ; as the temperature diminished, it lost its vividness ; 
and when it was artificially cooled to 20% below zero of Fan- 
RENHEIT, it was so faint as to require considerable darkness to 
be perceptible. 

he charge likewise communicated to ‘the tin or platinum 
foil was higher the higher the temperature; which, like the 
other phenomenon, must depend upon the different density of 
the vapour of mercury; and at 0° FAHRENHEIT it was very 
feeble indeed. 

A very beautiful phenomenon occurred in boiling the mer- 
cury in the exhausted tube, which shewed the great brilliancy 
of the electrical light in pure dense vapour of mercury. In 
the formation and condensation of the globules of mercurial 
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vapour, the electricity produced by the friction of the mercury 
against the glass, was «discharged through the vapour with 
sparks so bright as to be visible in daylight. 

In all cases when the minutest quantity of rare air was intro- 
duced into the mercurial vacuum, the colour of the light pro- 
duced by the passage of the electricity changed from green to 
sea-green; and, by increasing the quantity, to blue and purple; 
and when the temperature was low, the vacuum became a much 
better conductor. 

I tried to get rid of a portion of the mercurial vapour, by 
using a difficultly fusible amalgam of mercury and tin, which 
was made to erystalize by cooling in the tube; but the results 
were precisely the same as when pure mercury was used. 

I tried to make a vacuum above the fusible alloy of bismuth, 
but I found it so liable to oxidate and dirt the tube, that I soon 
renounced farther attempts of this kind. 

On a vacuum above fused tin I made a number of experi- 
ments; and by using freshly cut pieces of grain tin, and fusing 
them in a tube made void after being filled with hydrogen, and 
by long-continued heat and agitation, I had a column of fused 
tin which appeared entirely free from gas; yet the vacuum 
made above this, exhibited the same phenomena as the mercu- 
rial vacuum. At temperatures below O°, the light was yellow, 
and of the palest phosphorescent kind, requiring almost abso- 
lute darkness to be perceived; and it was not perceptibly in- 
creased by heat. 

I made two experiments on electrical and magnetic repulsions 
and attractions in the mercurial vacuum, by attaching to the 
platinum wire two fine wires in one case of platinum, in the other 
of steel, terminated by minute sphericles of the same metals: 
I found that they repelled each other when the wire was elec- 
trified in the most perfect mercurial vacuum, as they would 
have done in usual cases: and the steel globules were as obe- 
dient to the magnet as in air: which last result it was easy to 
anticipate. 

In some of the first of these experiments, I used a wire for con- 
necting the mercury, or the tin in the tube, with the stop-cock ; 
but latterly the rarefied air or gas was the only chain of com- 
munication: and this circumstance enabled me to ascertain that 
the feebleness of the light in the most perfect vacuum was not 
owing merely to asmaller quantity of electricity passing through 
it, for the same discharge which produced a faint green light in 
the upper part of the tube, produced a bright purple light in 
the lower part, and a strong spark in the atmosphere. 

The boiling point of pure olive oil is not much below that of 
mercury: and the butter or chloride of antimony (antimonane) 
boils at about 380° FAHRENHEIT. I tried both these substances 
in the vacuum, and found, as might be expected, that the light 
procluced by electricity passing through the vapour of the 
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chloride, was much more brilliant than that produced by it in 
passing through the vapour of the oil; and in the last it was 
more brilliant than inthe vapour of mercury at common tem- 
peratures: the lights were of different colours, being of a pure 
white in the vapour of chloride, and of a red, inclined to purple, 
in that of oil; and in both cases permanent elastic fluid was 
produced by its transmission. 


The law of the diminution of the density of vapours, by 
diminution of temperature, has not been accurately a certained; 
but I have no doubt from the experiments of Mr. Dalton, and 
some I have made myself, that it is represented by a geometri- 
cal progression ; the decrements of temperature being in arith- 
metical progression,“ the ratio seemed nearly uniform for the 
same number of degrees below the boiling point ; and (taking 
intervals of 20° of temperature) · 369416. Upon this datum, 
and considering the boiling points of mercury to be 600, that 
of oi] 540°, that of the chloride of antimony 340°, and that of 
tin 50009 all above 52°, and the elastic force of vapour of 
water at this temperature to be equal to raise by its pressure 
about .45 parts of an inch of mercury ; the relative’ strengths of 
vapour will be, for mercury 000015615, for oil 0016819, for 
chloride of antimony 01692, and for tin 37015, preceded by 45 
zeros. t 


It is not known whether the vapour from solids follows a 
similar law of progression as that trom fluids, and these num- 
bers are only given to show how minute the quantity of matter 
must be in vapour where its effects are distinct upon electrical 
phenomena: and how much more minute it must be in the case 
of mercury artificially cooled: and aimost beyond imagination 
so in vapours from-substances requiring very elevated tempera- 
tures for their ebulition. 


I made some comparative experiments to ascertain whether 
below the freezing point of water, the temperature of the torri- 
cellian vacuum diminished the power of transmitting electri- 
city, or of being rendered luminous by it. To about 20° this 
appeared to be the case; but between 20° above and 20 
degrees below zero, the lowest temperature I could produce 
by pounded ice and muriate of lime, it seemed stationary 
and as well as I could determine, the electrical phenomena 
were nearly of the same intensity as those produced in the 
vacuum above tin. 


Unless the electrical machine was very active, no light "3 
visible during the transmission of the electricity: but t hat this 
transmission took place, wae evident from the luminous 4P” 


* Water, chloride of phosphorus, and alcohol or carburet of sui pbu" 


_t I am obliged to Charles Balbage, Esq., F. R. S., for these calcu Fation". 
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pearance of the rarified air in the other parts of the syphon, 
and from the diminution of the repulsion of the ball of the 
quadrant electrometer attached to the prime conductor. When 
the machine was in great activity, there was a pale phospho- 
rescent light above, and a spark on the mercury below, and bril- 
liant light in the common vacuo. A Leyden jar weakly charged 
could not be made to transmit its electricity by explosion through 
the cooled torricellian vacuum, but this was slowly dissipated 
through it; and when strongly charged, the spark passed 
through nearly as much space as in common air, and with a 
light visible in the shade. At all temperatures below 2002, the 
mercurial vacuum was a much worse conductor than highly 
rarefied air; and when the tube containing it was included in 
the exhausted receiver, its temperature being about 509, the 
spark passed through a distance of six times greater in the 
Boylean than in the mercurial vacuum. 


It is evident from these general results that the light (and 
probably the heat) generated in electrical discharges depends 
principally on some properties or substances belonging to the 
ponderable matter through which it passes: but they prove 
likewise that space, where there is no appreciable quantity of 
this matter, is capable of exhibiting electrical phenomena: and, 
under this point of view, they are favourable to the idea of the 
phenomena of electricity being produced by a highly subtile 
fluid or fluids, of which the particles are repulsive, with respect 
to each other, and attractive of the particles of other matter. 
On such an abstruse question, however, there can be no demon- 
strable evidence. It may be assumed, as in the hypothesis of 
Hooke, Huygens, and Euler, that an etherial matter, suscepti- 
ble of electrical affections, fills all space; or that the positive 
and negative electrical states, may increase the force of vapour 
from the substances in which they exist: and there is a fact in 
favor of this last idea which I have often witnessed—when the 
voltaic discharge is made in the Boylean vacuum, either from 
platinum or charcoal, in contact with mercury, the discharging 
surfaces require to be brought very near in the first instance ; 
but the electricity afterwards may be made to pass to consider- 
able distances through the vapour generated by the mercury 
or charcoal by its agency; and when two surfaces of highly 
fixed metal, such as platinum or iron are used, the discharge 
will pass only through a very small distance, and cannot be per- 
manently kept up. 


The circumstance, that the intensity of the electrical light in 
the mercurial vacuum diminishes as it is cooled to a certain 
point, when the vapour must be of infinitely small density, and 
is then stationary, seems strongly opposed to the idea, that it is 
owing to any permanent vapour, emitted constantly by the mer- 
cury. The results with tin must be regarded as more equivocal : 
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because as this substance cannot be boiled in vacuo, it may 
always be suspected to have emitted a small quantity of the 
rare air or gas to which it has been exposed ; yet supposing 
this circumstance, such gas must at least be as highly expanded 
as the vapour from cooled mercury, and can hardly be supposed 
capable of affording the dense light, which the passage of the 
electricity of the Leyden phial through the vacuum produces. 


When the intense heat produced by electricity is considered, 
and the strong attractive powers of differently electrified sur- 
faces, and the rapidity of the changes of state, it does not seem 
at all improbable, that the superficial particles of bodies, which, 
when detached by the repulsive power of heat, form vapour, 
may be likewise detached by electrieal powers, and that Hey 
may produce luminous appearances in a vacuum, free from all 
other matter, by the annihilation of their opposite electrical 
States. 


In common cases of electrical action, the quantity of heat 
generated by the annihilation of the different electrical states, 
depends, as I stated in my last communication to the society, 
upon the nature of the matter on which it acts; and in cases 
when electrical sparks are taken in fluids, vapour or gas is 
always generated; and in elastic fluids, the intensity of the 
light is always greater, the denser the medium. The luminous 
appearances therefore, it is evident from all the statements, 
must be considered as secondary: whilst the uniform exertions 
of electrical attractions and repulsions, under all circumstances, 
in rare and dense media and vacuo, and with respect to solids, 
fluids, and gases, point them out (whether they be specific affec- 
tions of a subtile imponderable fluid, or peculiar properties of 
matter) as primary and invariable electrical phenomena. 


I have mentioned in the last page the suspicion, that melted 
tin may contain air. I shall conelude this paper by stating the 
grounds of this suspicion, and noticing a circumstance which 
appears to be of considerable importance, both in relation to the 
construction of barometers and thermometers, and to the ana- 
lysis of gaseous bodies. Recently distilled .mercury that has 
been afterwards boiled and cooled in the atmosphere, and which 
presents a perfectly smooth surface in a barometer tube, emits 
air when strongly heated in vacuo, and that in quantities suff- 
cient to cover the whole interior of the tube with globules ; and 
on keeping the stop cock of one of the tubes used in the ex- 
periments on the mercurial vacuum open for some hours, it was 
found that the lower stratum of mercury had imbibed air, for 
when heated in vacuo, it emitted it distinctly from a space of a 
quarter of an inch of the column ; and its production ceased at 
about an inch high in the tube. There is great reason to be- 
lieve, that this air exists in mercury in the same invisible state 
as in water, and is distributed through its pores ; and the fact 
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shows the necessity of long boiling the mercury in the baro- 
meter and thermometer tubes, and the propriety of exposing as 
small a surface of the mercury as possible to the air. It may 
explain, likewise, the difference of the height of the mercury 
in different barometers ; and seems to indicate the propriety of 
ee the mercury in these instruments after a certain lapse 
of time. 


A The tube of the usual diameter. 

B The wire for communicating electricity. 

E A small cylinder of metalic foil, to place as a cap on tubes 
not having the wire B, to make a coated surface.* 

C The surface of the quicksilver, or fused tin. 

D The part of the tube to be exhausted by the stop cock F, 
after being filled by means of the same stop cock, when neces- 
sary, with hydrogen. 

G The moveable tube connected with the air pump. 

It is evident that by introducing more mercury, the leg D 
may be filled with mercury, and the stop cock closed upon it, 
so as to leave only a torricellian vacuum in the tube, in which 


the mercury may be boiled. I have found that the experiment 
tried in this way offers no difference of result. 


* Not in the figure. 


274 Experiments on the Blood. 


An Account of some Experiments on the Blood in connexion with 
the Th of Respiration. By JohN Davy, M. D. F. R. S., 
Assistant Inspector of Army Hospitals. 


From Par. Trans. for 1838. 


Received May 31, 1838.— Read June 21, 1838. 


Connected with the theory of respiration and of animal heat 
there are many questions of interest respecting the blood, about 
which physiologists differ in opinion, and which consequently 
are fit subjects for further inquiry. 


Some of the more important and fundamental of these ques- 
tions I have endeavoured to investigate experimentally, and in 
the present communication I propose to submit to the Royal 
Society the results which I have obtained, with the hope that 
they may be considered not unworthy of a place in the Philoso- 
phical transactions. 


I. Is blood capable of absorbing oxygen independent of pulre- 
faction? 


To endeavour to satisfy myself on this point, on which in a 
former enquiry J had arrived at a negative conclusion in oppo- 
sition to the commonly received opinion, I have employed two 
methods of experimenting ; one, of agitating blood, recently 
drawn and rapidly cooled in common air and in oxygen, in a 
tube of the capacity of two cubic inches, divided into a hun- 
dred parts; the other, of agitating it in larger quantities, with 
the same airs, in the very convenient apparatus employed by 
Dr. Curistison, when engaged in a similar inquiry, consisting 
of a double tubulated bottle of the capacity of thirty-two cubic 
inches, provided with stop-cocks adapted by grinding, to one 
of which a moveable bent glass tube was fitted to connect it 
with a pneumatic trough, and to the other a perpendicular tube 
surmounted by a funnel. 


The blood subjected to experiment in every instance was pre- 
pared by the displacement of its fibrin. This was done by 
agitating it with small pieces of sheet-lead in a bottle filled to 
overflowing and closed with a cork, enveloped in moist bladder 
and covered over with the same, tied round the neck of the 
bottle, so as to exclude atmospheric air, whilst in the act of 


coagulating and of cooling, and to allow, when cooled, of the 
withdrawal of the cork. 


Prepared thus, and rapidly cooled, 1 have tried different 
specimens of blood, venous and arterial, of Man, of the Sheep, 
Ox, Dog and Cat; and the results, when the blood has been 
taken from a healthy animal, have been decisive and consistent. 
In every instance, whether atmospheric air or oxygen was used, 


after agitation, there was a marked diminution of the volume 
of air. 
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In the examples which it may be advisable to bring forward, 
I shall confine myself to a few of the experiments I have made 
on the bleod of the Sheep. 


Using the graduated tube over mercury, sixty-two measures 
of arterial blood from the carotid artery, agitated with thirty- 
three measures of common air, produced a diminution of two 
measures; and sixty-three of the same arterial blood, agitated 
with thirteen of pure oxygen, a diminution of three; whilst 
sixty-three of venous blood from the jugular vein of the same 
animal, agitated with thirty-three of common air, produced a 
diminution of six; and seventy of this blood, with thirteen of 
oxygen, a diminution of eight.* 


In experiments on a larger scale, using the double-mouthed 
bottle, in which about ten cubic inches of blood were agitated 
with about twenty-two cubic inches of air, the results were in 
accordance with the preceding. Thus when the arterial blood 
ofthe Sheep was agitated with common air and with oxygen, 
on turning the stop-cock of the bent tube there was an absorp- 
tion in one instance of abont *3 cubic inch, and in the other of 
about · 4 cubic inch; and, with venous blood, in the instance 
of common air, of about 1° cubic inch, and in that of oxygen, 
of about 1:25 cubic inch. 


These experiments were all made on the blood of the same 
animal. In experiments on the blood of different individuals 


of the same species of animal, and on the blood of animals of 


different species, the results have varied in regard tothe de 
of absorption, and remarkably so in the instance of the blood 
of man. 


In every instance the absorption or disappearance of a 8 
of the air has been attended with some change in the colour of 
the blood; the venous has invariably acquired the florid ver- 
million hue of arterial blood, and the arterial has had its florid 
hue heightened. 


The air that has been absorbed or which disappears, when 
atmospheric air has been used, in accordance with the common! 
received opinion and the results of Dr. CurisTison’s experi- 
mentst, has been found to be oxygen. 


Relative to the residual air, when pure oxygen has been used, 
whether on the smaller or larger scale of experiment, no car- 
bonic acid gas has been detected in it in the most carefully 


* Notwithstanding the frothing attending the agitation of blood in air, 
the absorption or djminution of volume was ascertained with,tolerable ac- 
curacy by observing the rise of the mercury in the tube. The experiments 
wore made as nearly as possible under ordinary atmospheric pressure, which 
was easily effected, as the mercurial pneumatic trough used exceeded in 
depth tho length of the tube. 


+ Edinburgh Medical and Surgical Journal, vol. xxxv. p. 94. 


— 
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conducted trials. When common air has been employed, then 
a trace of this acid gas has been found in the residual air aſter 
agitation with the blood, but not exceeding one per cent. at a 
temperature between 40° and 50°. I shall notice in detail an 
experiment with each, as the results are of consequence. 


Ten cubic inches of venous blood (its fibrin displaced) from 
the jugular vein of a sheep, rapidly cooled, were agitated in 
twenty-two cubic inches of oxygen gas, which had been well 
washed with lime-water. After an absorption equal to about 
one cubic inch, some of the gas was expelled and passed into 
lime-water, the transparency of which it did not in the slightest 
degree impair. N 

The same quantity of similar blood was similarly treated with 
common air, which also had been washed with lime- water. 
After an absorption equal to about one cubic inch, some of the 
air was passed into lime-water: it occasioned a just perceptible 


cloudiness ; and eighty measures of it agitated with lime-water 
were reduced hardly to 79°5. 


Taking it for granted that this very minute quantity of car- 
bonic acid derived from the blood existed in the state of gas, 
and not contained in the aqueous vapour, as is possible, it is 
matter for consideration from whence it was derived,— whether 
it was formed at the moment by the action of the air on the 
blood, or, previously existing in the blood, was now merely ex- 


pelled. Further on I propose to return to this important 
question. 


When I reflect on the results stated above relative to the ab- 
sorption or disappearance of oxygen, and compare them with 
those alluded to formerly obtained, I am not a little surprised 
at their discrepancy ; and I can’ only account for it by suppo- 
sing that it may have been owing in part to the difference of 
season when the two sets of experiments were conducted. The 
first were made in Malta in 1829, in the hot months of July 
and August, when the thermometer ir the open air was gene- 
rally above 80° and occasionally above 90°. The last have 
been made in England, and principally in January of the pre- 
sent year, when the temperature of atmosphere was occasionally 
low, the greater part of the time below the freezing point, and 
often as low as 20°. From what I have witnessed, I am in- 
duced to infer, that the higher the atmospheric temperature is, 
and the less necessity there is for the production of animal heat, 
the less difference there is between venous and arterial blood, 
and the less power the former has of combining with oxygen, 
and of forming or evolving carbonic acid. In Malta I carefully 
compared the blood of the jugular vein and carotid artery of a 
sheep during the season mentioned ; when congulated and still 
hot, there was no perceptible difference in their colour; in each 


parts, and especially o 
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it was less florid than the arterial blood of the same animal in 
England in winter, and less dark than the venous? its hue was 
as it were a mixture of the two. And in this observation I 
could not be mistaken ; the cireumstę. ces un 
made precluded mistake ; vessels of the same si 
similar quantities of blood were introduced, and they were seen 
in the same light side by side. And in confirmation of this 
view I may remark, that during the last winter, when the cold 
was unusually severe, I found the temperature of deeply seated 
f the heart and its left ventricle, in the 


instance of sheep, unusually high: the mean of nine observa- 


tions on the temperature of the left ventricle in different animals 
was 107:5 ; the lowest was 105·5: the highest 109°; whilst the 
temperature of the rectum (the mean of the same number of 
observations) was 104°4. 

II. Does the blood, especially venous blood, contain carbonic 
acid capable of being expelled by agitation with another gas, 
such as hydrogen or Oxygen 

In a paper published in the Philosophical Transactions for 
1832, Dr. STEVENS has answered this question in the affirma- 
tive: be maintains that carbonic acid gas exists in venous blood ; 
that it may be expelled by oxygen or by hydrogen, although 
not by the air- pump; and he supposes that the difference of 
effect is owing to a peculiar attraction for carbonic acid exerci 
by these gases. -E 

To endeavour to resolve my doubts on this important point, 
I have had recourse to the apparatus already mentioned. viz- 
the uated tube with the mercurial pneumatic trough, and 
the double-mouthed bottle furnished with stop-cocks, &c. as 
being well adapted for simple and decisive experiments. 


By means of the graduated tube I have agitated venous blood 
in hydrogen over mercury, as about a cubic inch of each, and 
other proportions, and have left the blood exposed to the in- 
fluence of the gas for several hours; and I have made similar 
trials with it, using larger quantities in the double-mouthed 
bottle, as sixteen cubic inches of each, and also other proportions; ` 
the results have been either of the same negative character, OF, 
if different, indicating only the disengagement of carbonic acid 
was in anextremely minute quantity. In all the experiments 
with the graduated tube in which fresh blood was used, whether 
of man or of the sheep, the fibrin displaced out of the contact 
of the air, on agitation with hydrogen, there was no sensible 
increase of the volume of the gas, and no diminution of it when 
it was transferred to, and shaken with, lime-water-. And in the 
best experiments, on a larger scale, with the double-mouthed 
bottle, when the most attention was paid to all the circumstances 
likely to insure accuracy, as in the first instance the exclusion 
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of air from the blood, and in the second the having it of the 
temperature of the bottle and of the room, the results have been 
similar, and of a negative character. I shall describe a small 
number of experiments, those, the results of which appeared 
least ambiguous. 


Seven cubic inches of sheep’s blood from the jugular vein, 
its fibrin broken up by agitation with lead whilst coagulating, 
out of contact with air, and cooled under water, were agitated 
with hydrogen (twenty-five cubic inches), previously well 
washed with lime-water, and which, tested by lime-water, after 
this precaution were found perfectly free from carbonic acid. 
On turning the stop-cock of the bent tube connected with dis- 
tilled water, no change of volume was indicated, and the blood 
was agitated again with the same result. By means of the per- 
pendicular tube distilled water was admitted, and some of the 
gas expelled ; first a cubic inch into a graduated tube filled with 
lime-water, and next about four cubic inches into a vial filled 
with distilled water, and in which afterwards a little lime-water 
was added to the gas; in neither could any traces of carbonic 
acid be detected ; the lime-water remained transparent. 


Ten cubic inches of venous bloed, taken by a large orifice 
from the arm of a young man threatened with hemoptysis, the 
fibrin broken up in the same manner as the last, and rapidly 
cooled under water in a running stream to the temperature of 
the room, 51°, were similarly treated with hydrogen, and with 
precisely the same result; after having been twice well shaken, 
on turning the stop-cock, there was no change of volume. The 
blood was kept in contact with the hydrogen over night, the 
stop-cocks closed. The night, that of the 2:srd of January, 
was severely cold; at 11 o'clock the following morning the 
temperature of the room was only 45°; now on turning the 
stop-cock of the bent tube the water rose in it to the extent of 
about one-eighth of a cubic inch. 


Twenty-four cubic inches of the mixed arterial and venous 
blood of the sheep, collected and prepared with similar precau- 
tions, were divided into two portions of about twelve cubic 
inches; one was agitated in the double-mouthed bottle with 
hydrogen after the introduction of a little milk of lime, the 
other without this addition. The result in each instance was 
the same; on opening the stop-cock, after the agitation, the 
water rose a very little in the bent tube, about one-twentieth 
a cubic inch. 


The results of some or the trials already described on the 
action of oxygen on venous blood, both pure and mixed with 
azote, in the form of common air, are very consistent with tho% 
just detailed on hydrogen. Previously to stating some other 
results in quest of fresh evidence on the same subject, it maay be 
advisable to notice particularly the power which blood possesses 
of absorbing carbonic acid. 
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From experiments which I made on blood and serum in 1824 
and 1828,“ I inferred that each is capable of absorbing about 
an equal volume of this acid gas. I now find that when pure 
carbonic acid gas is brought in contact with blood or serum 
over mercury, and moderately agitated under ordinary atmos- 
pheric pressure, that the absorption of gas exceeds the volume 
of the fluid, both in the instance of blood and serum. The 
results of some experiments are exhibited in the following 
table. The majority of them were obtained between a temper- . 
ature of 40° and 45°; the three last at about 51°. When the 
venous and arterial blood, and the serum tried, were froin the 
same animal, the numbers expressing the results are entered in 
the same line. 


Volume of carbunic acid gas absorbed in 100 parts of blood and 


Serum. 


Venous | Venous | Arterial | Arterial 


Animal. 


blood. serum. | blood. serum. 
1 n 167 
2 
3 | Sheep.... clever . 133 
4 
5 CC . 150 
6 Sheep 
7 Sheep l.. . 120 
8 OX... Ms 
9 Gö· —— 
10 Man 


Heifer ....;| 1200 : 


The effect of the absorption of the gas to perfect saturation 
was on the arterial and venous blood the same; it rendered 
both very dark; the serum it rendered more liquid, which was 
well marked by diminished tendency to froth on agitation. 


I shall now proceed to notice the trials which I have instituted 
of agitating blood and serum, to which a known quantity of 
carbonic acid had been added, with one or more of the gases 
considered by Dr. STEVENS as exerting an attraction on car- 
bonic acid, and by that means expelling it. 


From the experiments which I have made on serum, it ap- 
in its healthy state incapable of absorbing oxygen, or of 
immediately furnishing carbon to form carbonic acid; and in 


Philosophical Transactions for 1824, Edinburgh Medical and Surgical 
Journal, vol. xxx. ; 
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no instances in which J have agitated it with common air or 
with hydrogen, when obtained from the blood of a healthy ani- 
mal, has there been any indication of the disengagement of gas ; 
it therefore is peculiarly well fitted for the trial in question. 


To nine cubic inches of serum from the mixed blood of the 
sheep one cubic inch more of serum was added, containing a 
cubic inch of carbonic acid, with which it had been impregnated 
over mercury. The mixture of the two was introduced into 
the double-mouthed bottle without delay, and well agitated with 
twenty-two cubic inches of common air. On turning the stop- 
cock there was no change of volume. The serum was trans- 
ferred, and there was added to it, with as little motion as pos- 
sible, another cubic inch of serum, containing the same quantity 
of carbonic acid. Now poured back into the bottle and agi- 
tated, on opening the stop-cock a little air was disengaged ; it 


was collected and found equal to ;;ths eubie inch. The serum 


was left exposed to the aetion of the air in the bottle over night, 
the stop-cocks closed; the following morning on opening the 
stop-cock of the bent tube no air was expelled; on the con- 
trary, there was a just perceptible rise of water in it. The ex- 
periment was carried further: the serum was transferred to a 
vial and closed, and the double-mouthed bottle was filled with 


hydrogen. The serum was returned and well agitated with the 
hydrogen. On turning the stop-cock 7 ö oths of a cubie inch of 
air was expelled. It was agitated a second time without further 
expulsion of air, and left in contact with hydrogen for more 
than twelve hours without any further effect. Thus it appears 
that of the two cubic inches of carbonic acid gas introduced 
into the serum, only one-fifth of a cubic inch was expelled by 


successive agitation with atmospheric air and hydrogen. 


One cubic inch of venous blood of a man which had absorbed 
1-2 cubic inch of carbonic acid, was mixed with twelve cubic 
inches of similar blood, and agitated with hydrogen in the 
double-mouthed bottle. A very little air only was expelled, 


eo 4 e 
viz. goths cubic inch, 


To fifty-five measures (1:1 cubic inch) of venous blood of a 
sheep, twenty-measures of gas were added over mercury, com- 
posed of about equal parts of oxygen and carbonic acid. After 
agitation about seventeen measures were absorbed, and the 
blood had acquired a florid hue ; ten measures more of oxygen 
were added ; there was no further absorption. The tube was 
transferred to lime-water and agitated ; the residual air was not 
diminished ; it amounted to thirteen or fourteen measures (the 
froth prevented precision in marking the quantity), which pos- 
sessed the properties of oxygen, as tested by the taper. 


To twenty-eight measures of venous blood of a sheep, which 
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had absorbed twenty-six of carbonic acid, forty-nine of oxygen 
were added in the graduated tube over mercury : after agitation 
the blood had acquired the florid arterial hue, and there ap- 
peared to be an expansion of one measure. Transferred to lime- 
water there was an absorption of one or two measures, and no 


more. 

I shall notice one experiment more, in which blood nearly 
saturated with carbonic acid was exposed to oxygen, a mem- 
brane intervening. Forty-seven measures of venous blood, 
which had absorbed thirty-three of carbonic acid, were intro- 
duced into a glass tube half. an inch in diameter, closed at one 
end with gold-beater’s skin, and when filled with blood at the 
other end also, it was placed over mercury in a small receiver, 
and thirty-seven measures of oxygen were added to it, under a 
diminished pressure of about one inch. After twenty-four hours 
there was no change of volume; the blood in the tube had ac- 
quired throughout the arterial hue ; the gas, thirty-eight mea- 
sures, transferred to lime-water and agitated, diminished to 
thirty-two. 

The tube was now placed under a receiver, and the air ex- 
hausted by the air- pump; a good deal of air was disengaged in 
the form of froth, and the gold-beater’s skin was so distended 
that it appeared ready to burst; after three or four minutes air 
Was re-admitted ; a notable portion of gas was found free be- 
tween the membrane and blood ; thus showing that in oxygen 
gas carbonic acid gas is less freely exhaled through a membrane 
than in vacuo. 2 i 

The results of this second set cf experiments are in accord- 
ance with those of the first. The inference I am induced to 
draw from both is rather of a negative kind, and unfavourable 
to the conclusion of Dr. Stzvens already referred to, at least 
in a strict and general sense. I think it right to express my- 
self thus reservedly, reflecting on some of the experiments in 
which a very little carbonic acid gas appeared to be extricated 
on agitating blood with hydrogen; and believing that Dr. 
STevens, and other able inquirers, could not have been misled 
on a point so little exposed to fallacy. 

Relative to the effects which Dr. STEveNs refers to the at- 
traction of one gas for another, they appear to me, from what 
I have witnessed in carrying on the inquiry, to admit of ex- 

planation on Dr. Datton’s theory of mixed gases, and that in 
no instance is the effect of disengagement of air from a fluid, 
agitated with another kind of air, greater than were it agitated 
in a vacuum. 

III. What is the condition of the alkali in the blood in relation 
to carbonic acid ? | 

On this point much difference of opinion exists amongst in- 
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quirers; some believing that the alkali, or at least a portion af 
it, is uncombined, or combined merely with water, or with 
water and albumen ; some that it is united to carbonic acid in 
‘the state of carbonate ; others that it is saturated with this gas, 
and in the state of bi-carbonate. 


The subject, it must be confessed, is one of great difficulty, 
and very perplexing ; partly from the nature of the blcod, 
liable to great variations during life, and to rapid change after 
death; and partly also from the nature of the alkaline carbo- 
nates, hardly less disposed to change than the plood itself, from 
variation of eircumstances, and to pass from one degree of com- 


pination into another. 


ne bicarbonate of soda, I believe, like the bicarbonate of 
ammonia, can only exist in perfection in the solid state. In dis- 
solving, I find, when exposed to the atmosphere, it gives off a 
part of its acid, and still more when it is agitated with com- 
mon air, and more still with hydrogen, and in a greater degree 
the higher the temperature. This is not favourable to the idea 
that it exists in the blood, especially when it 1s considered that 
‘this fluid may be exposed toa temperature of 212° without dis- 
engaging carbonic acid, of which I have had proof in severà 
trials. 


Sulphuretted hydrogen does not expel carbonic acid from the 
alkalies in solution in water. Bicarbonate of soda dissolved to 
saturation in distilled water absorbs, I find, 143 per cent. © its 
volume of this gas; whilst the serum blood (it was sheep’s that 
was tried) dissolved 207 per cent., arterial blood 239, and venous 
290. This, too, ig unfavourable to the same idea; as is ê 80 
the large proportion of carbonic acid Which blood, it has been 
shown, is capable of absorbing. 


Supertartrate of potash occasions an effervescence, when mixed 
in substance with a solution of the sesquicarbonate, but not 0 
the carbonate of soda; and the effect is similar, whether the 
mixture be made over mercury, air excluded, or in an open 
vessel exposed to the atmosphere. The supertartrate of potas 

also, I find, mixed with blood and agitated with common af 
acts as with the sesquicarbonate, and occasions 4 disengagement 
of air, and both from arterial and venous blood, and from serum, 
and the air I have ascertained is carbonic acid. 


From these facts, may it not be inferred that the alkali in the 
blood, in its normal or healthiest condition, is neither in u 
state of carbonate nor of bicarbonate, but of sesquicarbona 
The power of the blood to absorb carbonic acid and gulp huret 
ted hydrogen accords best with this view, and some othe? 
portant properties of the fluid are, I believe, in harmony " 
it. 

The sesquicarbonate, I may add, seems to be the state of rest 
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of the alkali in combination with carbonic acid, under ordinary 
circumstances of exposure to the atmosphere. ‘Thus the native 
compound is the sesquicarbonate, as is also, I believe, the efflo- 
resced salt.“ And I find that although a solution of the bicar- 
Sonate may be brought by the air puinp to the state of sesqui- 
carbonate, it cannot be reduced to that of the carbonate: aftcr 
it has ceased to give off any air in vacuo, it effervesces with the 
supertartrate cf potash ; and if evaporated to dryness over sul- 
5 acid under an exhausted receiver, on being subjected to 
eat, it disengages carbonic acid gas. 

IV. Does the blood contain any gas capable of being extricated 
by the air pump ? 

On this subject also there has been much difference of opi- 
nion. Our distinguished’ countryman Mayow, more than a 
century ago, stated that blood, especially arterial blood, effer- 
vesces in vacuo, which he attributed to the disengagement of 
air, his Spiritus Nitro-aéreus.t Sir Evenrarp Home, on the 
authority of Mr. Branpg, in 1818, asserted that blood, both 
venous and arterial, under the exhausted receiver, evolves a 
large quantity of carbonic acid gas, an ounce of blood as much 
as two cubic inches of gas. ? I repeated the experiment shortly 
after, but without confirming the result; neither by the air- 
pump, nor by heat applied even to coagulation of blood and 
serum in close vessels, did I succeed in demonstrating the extri- 
cation of this acid.§ Since that time the experiment of the air- 
pump on the blood has been frequently made, and by observers 
of great accuracy, as by Drs. Duncan and CureisTISON in this 
country, by MM. TigpEMAN, GMELIN, MITSCHENLICH and 
MULLER on the continent, and recently by MM. Biscuorr and 
Maanus. With the exception of the last-mentioned inquirers, 
the results have been negative. MM. Bischorr and; Macnus, 
on the contrary, state that by careful exhaustion they have ob- 
tained gas from the blood; the former a small quantity of car- 
bonic acid gas, the latter a notable quantity, and not only of 
carbonic acid gas, but also of oxygen and azote.|| 


M. M aanus attributes the failures of former experimenters 
to their having used pumps of imperfect exhausting power, or 


* On exposing carbonate of soda in excess to carbonic acid gas over mer- 
cury, the gas is rapidly absorbed with the expulsion of part of the water of 
crystallization, so as to produce an appearance of deliqyescence, and the 
sesquicarbonate is formed. 


+ JOHANNIS Mayow Opera omnia. Hage Com, 1681. p. 133. 

+ Philosophical Transactions for 1818, p. 181. 

§ Ibid. 1523, p. 516. 

| Annales des Sciences Nat. tom. viii. p. 79. ef seq. contain a translation 


of M. MaGwnus' paper, with a figure of the apparatus, &c. used; the original 
appeared in PoGcENpDorF’s Journal, vol. xl. part 3. 
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to their not having carried the exhaustion sufficiently far. In 
my early and first trial I employed the air pump belonging to 
the laboratory of the Royal Institution, which was an excellent 
one, and which I then believed was in good order ; but I might 
have been mistaken. 


To endeavour to satisfy myself on this point, I have had an 
air-pump constructed for the purpose, under the direction of an 
able artist, Mr. Ross, of 33 Regent-street, already distinguished 
for his excellent achromatic microscopes, and it has answered 
perfectly. When the exhaustion has been carried as far as pos- 
sible, the difference of level of the mercury in the siphon-guage 
has not exceeded a quarter of an inch, and over water has not 
exceeded half an inch. 


Experimenting with this machine on blood, collected with 
such precautions as J believe to have been adequate to insure 
accuracy of results, in a majority of instances the disengagement 
of gas has been rendered manifest, and both from arterial and 
venous blood. 


I shall brieflly mention the trials which I consider most con- 
clusive, and which satisfied me in spite of an opposite pre- 
existing bias. 

Vials provided with well ground glass stoppers were filled 
with djstilled water, deprived as much as possible of air by the 
air-pump ; they were then placed under the receiver and kept 
in vacuo until all adhering air was removed: the stoppers were 
now introduced, all air being excluded, and they were instantly 
immersed in distilled water, which had been well boiled. 
Thus prepared they were taken to an ps peers slaughter- 
house, where they were filled with Sheep’s blood in the follow- 
ing manner, without its coming into contact with the air. For 
venous blood the jugular vein was exposed ; two ligatures were 
applied to it: the vein was divided between the two, and the 
upper part, slightly detached, was introduced into a prepared 
vial under water the instant the stopper was withdrawn, and 
laid open. The heavier blood proceeding from the vessel of 
course stopped the water ; and when it was supposed to be all 
expelled the stopper was restored, and the vial was replaced in 
the water. In the instance of arterial blood it was collected in 
the same manner from the carotid artery. In some trials 
the blood was allowed to coagulate undisturbed ; in others the 
fibrin was detached, and the liquidity of the blood preserved by 
agitating it, the instant the stopper was replaced, with some 
mercury, introduced with the distilled water, and equally de- 
prived of adhering air. 


In about half an hour from the abstraction of the blood, in 


every instance, it was subjected to the air-pump. The instant 
the stopper was withdrawn the vial was placed in a small re- 
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ceiver on the plate of the pump, and covered with a little larger 
receiver, and the air as soon as possible exhausted. No appear- 
ance of disengagement of gas was perceptible until the exhaus- 
tion was nearly complete; then it was sudden, sometimes 
considerable, even to overflowing, in the form of bubbles, and 
it continued some time. The results were not distinctly different, 
that I could perceive, whether venous or arterial blood was 
used ; I am disposed to think, on the whole, that less gir was 
disengaged from the arterial blood than from the venous 


When blood allowed to coagulate in the vessels was tried, 
the results varied a little, and appeared to me instructive. At 
first, on exhaustion, only a few particles of air were disengaged ; 
no more, it might be supposed, than were derived from the 
contact of the end of the stopper. In two experiments such 
was the appearance for at least five minutes, conveying the idea 
that no air was extricated: then abruptly a bubble or film 
burst with some force, as was denoted by the scattering of the 
particles of blood ; and a bubbling commenced and continued, 
rendering the indications of extrication of gas unquestionable. 
And in conformity with this result I may remark, I have never 
succeeded in obtaining indications of air in the blood in opera- 
ting on it by the air-pump, if confined in a detached portion of 
vein, or in the heart of animals, the great vessels, previous to 
excision, having been tightly secured by ligature. In no instance 
of this kind have I witnessed any distention, such as occurs if 
air be admitted previous to the application of ligatures ; clearly 
indicative, it appears to me, that a very slight compressing force 
is sufficient to confine the air in the blood, or rather, I should 
say, prevent its substance assuming the elastic state; and 
further, the probability, that the quantity of air so condensed 
is small. 

I have stated that in the majority of instances the indications 
of the disengagement of air from blood in vacuo have been 
manifest. Exceptions, however, have occurred, and those clear 
and decisive; inducing me to helieve that the quantity of air 
condensed in the blood is variable; that there are times when 
it is in excess, and times when in deficiency, and when totally 
wanting, connected with regularly changing states of the func- 
tional system. I hope on another occasion to be able to recur to 
this part of the subject, on which at present I have collected but 
a few facts. I may add, that such facts tend in part to recon- 
cile some of the discrepancies referred to in the beginning of 
this section. 

V. Of the air or gases contained in the blood capable of being 
extricated by the air-pump. 

As already mentioned, M. Maenus has stated that these 
gases are carbonic acid, oxygen and azote in notable quantities 
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Taking the mcan of ten of his experiments on the blood of the 
horse and calf (five on arterial and five on venous), the total 
quantity ot the mixed gases he obtained was, in the instance of 
atterial blood, 10°4 per cent. per volume, and in that of venous. 
7:6 per cent.; the former consisting of about 


6:5 carbonic acid, 
2'4 oxygen, 
1°5 azote ; 

the latter of 
5 5 carbonic acid, 
11 oxygen, 
1°0 aZote. 


On a subject of so much importance, it is very desirable that 
the experiments of M. Maanus should be repeated and verified; 
for until this is done, considering the physiological history of 
the blood, it will be difficult to avoid doubt, and to depend on 
them with that degree of confidence which is justly due only to 
well-authenticated facts. 


The ingenious apparatus employed by M. Maanus being 
difficult of construction, and not casily used excepting in a well- 
appointed laboratory, I must leave the repetition of his highly 
interesting experiments to those enquirers who are more happily 
situated than myself for engaging in them. On the present 
occasion I shall limit myself to the detail of some experiments 
instituted with a view of testing M. Macnus’s general results, 


As a solution of potassa has the property of absorbing carbo- 
nic acid gas, it follows that if mixed with the blood previous to 
being subjected to the air-pump, it will prove in some measure 
a test of the kind of air which the blood is capable of affording: 


With this intent two vials were prepared, the same as before. 
used, one filled with distilled water, the other with a weak aque 
ous solution of caustic potash, both carefully deprived of air by 
the air-pump. Observing the same precautions as before, 3 
portion of venous blood from a sheep was received intagach ° 
them. When less than half of the water and of the solution 
as well as could be guessed, was expelled, the vials were clo. 
with the glass stoppers belonging to them, and instantly im- 
mersed in water, and as soon as possible subjected to the a- 
pump. The results of exhaustion in the two instances Y* 
perfectly distinct. From the blood mixed with water gas ¥” 
disengaged ; there was a continued ascension of bubbles. Fron 
the blood mixed with the alkaline solution no gas was liberal 
excepting a bubble or two, which might fairly be consider 
entangled air derived from contact of the blood with 
Stopper. i l 

A similar comparative trial was instituted with arterial Blox 


of the sheep, and the results also were similar and equally well 
marked. 


the 
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Considered as test experiments, the first inference from these 
results is, that carbonic acid gas, or an air absorbable by a so- 
lution of potash, is disengaged both by venous and arterial 
blood in vacuo ; and next, that no other gas is disengaged from 
either of them, neither oxygen nor azote, each of which is un- 
absorbable by the solution in question. 1 have repeated the 
experiment twice on the venous blood of man, and twice on the 
venous blood of the sheep, and twice on the arterial blood of 
the latter, without variation of results; and they are more to be 
1 on, as the alkali has the effect of preserving the blood 

iquid. 

I may mention another method which I have employed as a 
test experiment; and first in relation to carbonic acid. If the 
blood contain a notable portion of this gas capable of being ex- 
tricated by the air-pump, it necessarily follows, that when sub- 
jected tothe action of the air-pump, and deprived as far as 
possible of its fixed air by this means, it will be capable of 
absorbing a larger quantity of carbonic acid than previous to 
the exhaustion. The following table contains the results of 
three comparative trials on the venous blood of the sheep, its 
fibrin separated or detached in the usual manner. 


Table showing the absorption of carbonic acid gas by 


Venous blood not subjected to the 


Yenuus blood subjected to the air- pump. air-pump 


Volume of , Volume of r 
Voluine of carbonic acid gas Volume of 


Volume of | Volume of 
gas gas 
mood MRE introduced. absorbed. blvod used. | introduced. | absorbed. 


97 46 3R 27 47 37 
27 45 39 97 45 39 
27 | 46 | 35 97 45 34 


Although I have thought it right to notice these results, and 
although they are in accordance with the preceding, 1 do nat 
attach much value to them, excepting as tending to show that 
the quantity of carbonic acid gas extracted by the air-pump, 
when the blood affords it in vacuo, is small. 


The same mode of reasoning suggested comparative trials of 
the absorbent power of arterial blood for oxygen, before and 
after exhaustion by the air-pump, as a further test experiment, 
whether arterial blood contains oxygen in a free state, that is, 
admitting of being extricated by the removal of atmospheric 
pressure. The result of this trial also has been negative ; its 
power of absorbing oxygen has not appeared to be at all in- 
creased by exhaustion ; this at least was the result of one expe- 
riment carefully conducted. 


VI. Is any oxygen containcd in the blood not capable of being 
extricated by the air-pump ? 


- 
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Before I was acquainted with the researches of M. Maanus 
I had instituted some experiments to endeavour to determine 
whether any oxygen in a free state, or in a condition approxi- 
mating to that state, exists in the blood, and especially in the 
arterial, admitting of being detected by means of substances 
possessing a strong attraction for oxygen, or of being expelled 
by substances of greater solubility in blood than oxygen. Hy- 
drogen, phosphuretted hydrogen, sulphuretted hydrogen, ni- 
trous oxide, and nitrous gas, it appeared advisable to try, as 
belonging to the first class of substances, and carbonic acid gas 
as belonging to the latter. 


The results with hydrogen, sulphuretted hydrogen, nitrous 
oxide, and carbonic acid gas, were of a negative kind. Neither 
using arterial blood, nor blood which had been agitated with 
oxygen, and which had absorbed or made to disappear a certain 
quantity of this gas, could I detect any indications of its pres- 
ence either by combination or expulsion. In the instances of 
nitrous oxide and carbonic acid, however, it may be worthy of 
remark, that the blood which had been agitated with oxygen 
absorbed less of either of these gases than it did before it was 
so treated.* 


The results with phosphuretted hydrogen, the spontaneously 
inflammable species, were of an ambiguous kind, not sufficiently 
clear to deduce from them any satisfactory conclusion. In one 
trial, serum of the venous blood of the sheep absorbed nine per 
cent. of this gas; venous blood 11:3 per cent.; and arterial 5'3 
per cent.t 


The results with nitrous gas were of a different kind, and 
may be deserving of being specially noticed. 


The blood used was that of the sheep, prepared in the usual 
manner. The experiments were made during the very cold 
weather which prevailed in the beginning of the year, and the 
difference of colour between the venous and arterial blood was 
very strongly marked. 


1st. On Arterial Blood. 
1. Fifty-three measures of this blood were agitated over 


* Nitrous oxide I find is absorbed in about the same proportion by venous 
and arterial blood, and by the serum of blood, and also in about the same 
proportion by water. Thus, at the temperature of 45° over mercury, using 
the blood and serum of the same animal (the sheep), thirty-two measures of 
each absorbed twenty-two measures of this gas, and thirty-two of ‘distilled 
water absorbed 21-5. 


+ Supposing the gas decomposed, the phosphorous uniting with the oxy- 
gen in the blood, the apparent smaller absorption by arterial than by venous 
blood is what might be expected, on the idea that the furmer kind of blood 
contains most oxygen. i 
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mercury with forty-six measures of nitrous gas; there was a 
diminution of volume of seventeen measures. 


2. Fifty-three measures of the same blood (another portion) 
were agitated with nine of oxygen; two measures were ab- 
sorbed. 


3. Fifty measures of this blood, so treated with oxygen, were 
agitated with forty-seven of nitrous gas; there was a diminu- 
tion of twenty-two measures. 


2nd. On Venous Bloud. 


1. Fifty-three measures of this blood were agitated with fifty 
of nitrous gas ; there was a diminution of ten measures. 


2. Fifty-three measures (another portion) were agitated with 
ten of oxygen ; five measures were absorbed. 


3. Fifty-one measures of blood so treated were agitated with 
forty-nine of nitrous gas ; there was a diminution of seventeen 
measures. 


The residual air in each instance was examined and was 
found to be a mixture of nitrous gas and azote without carbonic 
acid gas. The azote, it may be presumed, was introduced with 
the nitrous gas; it was in the same proportion as that which 
adulterated it, viz. about four per cent. That the residual air 
was free from carbonic acid was inferred from the circumstances, 
that in comparative experiments with and without addition of 
a portion of solution of caustic alkali, there was no difference in 
the proportion of nitrous gas absorbed: and it was corroborated 
by another circumstance, viz. that after the absorption of the 
nitrous gas, the blood was capable of absorbing seventy-five 
per cent. of carbonic acid gas“; and further by the result that 
when nitrous gas is added not to saturation, the whole of it is 
absorbedt. 


As regards the blood itself, the colour of both venous and 
arterial was altered ; both were rendered darker and browner, 
as if a minute quantity of nitric acid had been added to them, 
a change long known to be occasioned by nitrous gas. In the 
degree of change there was however a difference ; in the instance 


e To some venous blood of a sheep which absorbed 182 per cent. of car. 
bonic acid gas, so much of a solution of pure hydrate of potash was added, 
that it absorbed 215 per cent. of the acid gas; seventeen measures of this 
blood with excess of alkali, agitated with fifty-one of nitrous gas, absorbed 
5˙5 measures; sixteen of the blood without the excess of alkali absorbed 
five measures: thirty-four measures of carbonic acid gas were added to the 
latter, the excess oi nitrous gas being left in the tube; on agitation twelve 
measures of the carbouic acid were absorbed. 


+ In one experiment eighty-four measures of the venous blood of the 
sheep were agitated with ten of nitrous gas over mercury; the whole of the 
gas was absorbed: twelve of oxygen were added; on agitation again there 
was no further absorption. 
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of arterial and of oxygenated arterial blood, it was more strongly 
marked than in that of the venous. 

In conjunction with the unsuccessful attempts with the other 
gases already mentioned, do not the results just described indi- 
cate that a portion of oxygen exists in the blood, not capable of 
being extracted by the air-pump, and yet capable of entering 
into combination with nitrous gas, and which exists in largest 
proportion in arterial blood ? Unless this conclusion is adopted, 
it must be supposed either that the nitrous gas which disappears 
is decomposed, or that it combines directly with the red parti- 
cles ; neither of which suppositions is well supported by facts. 
The circumstance that no azote is disengaged, is not favourable 
to the idea that the nitrous gas is decomposed ; and the differ- 
ence of effect in the instances of venous and arterial blood, and, 
after and before agitation with oxygen, is not in accordance 
with the notion of direct combination. I may mention another 
fact which seems to have the same bearing ; serum, which does 
not absorb oxygen, I find also does not absorb nitrous gas, ex- 
cepting in about the proportion in which water absorbs it: and, 
further, in corroboration, I may mention, that as blood putrefies, 
whether arterial or venous, its power of absorbing nitrous gas 
diminishes; and that it is also diminished by being agitated 
with phosphuretted hydrogen. Thus the arterial blood of a 
sheep, which before agitation with phosphuretted hydrogen ab- 
sorbed 45:3 per cent of nitrous gas, after agitation with it 
absorbed 7*4 per cent less; and, after it had become putrid, it 
absorbed twenty per cent. less. According to my observations, 
arterial blood does not lose its peculiar florid hue under the 
action of the air- pump. Is not this also in favour of the above 
inference, that a portion of oxygen is retained by the blood re- 
sisting extraction by the air-pump?' I find also that when 
venous blood is agitated with oxygen and subjected to the air- 

ump, it, in like manner, retains its acquired florid vermillion 
ue, and likewise a power of absorbing an additional quantity 
of nitrous gas. l 


VII. When oxygen is absorbed by the blood is there any pro- 
duction of heat ? 

To endeavour to determine this point, of so much interest in 
connexion with the theory of animal heat, a very thin vial, of 
the capacity of eight liquid ounces, was selected and carefully 
enveloped in bad conducting substances, viz., several folds of 
flannel, of fine oiled paper, and of oiled cloth. Thus prepared, 
and a perforated cork being provided, holding a delicate ther- 
mometer, two cubic inches of mercury were introduced, and 
immediately after it was filled with venous blood, kept liquid as 
before described. The vial was now corked and shaken; the 
thermometer included was stationary at 45°. After five. minutes 
that it was so stationary, the thermometer was withdrawn, the 
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vial closed by another cork was transferred inverted to a mer- 
curial bath, and 14 cubic inch of oxygen was introduced. The 
common cork was returned, and the vial was well agitated for 
about a minute; the thermometer was now introduced, it rose 
immediately to 46°, and continuing the agitation it rose further 
to 46 4, very nearly to 47°. This experiment was made on the 
12th of last February on the blood of the sheep. 


On the following day a similar experiment was made on the 
venous blood of man. The vial was filled with eleven cubic 
inches of this blood, its fibrin broken up in the usual manner, 
and with three cubic inches of mercury ; the temperature of the 
blood and mercury was 42-5, and the temperature was the same 
after the introduction of three cubic inches of oxygen. The 
temperature of the room being 4,8, a fire having shortly before 
been lit, the vial was taken to an adjoining passage where the 
teinperature of the air was 39°. Here the vial was well agita- 
ted, held in the hand with thick gloves on as an additional 
protection. After about three quarters of a minute the ther- 
mometer in the vial had risen a degree, viz. to 43.5. 


On the 14th of the same month a third experiment was made 
on venous blood from the jugular vein of a sheep. The vial 
was filled with 3-5 cubic inches of mercury and eleven cubic 
inches of blood. The thermometer in the bottle, left five 
minutes, was stationary at 49°; the temperature of the mer- 
curial bath was 49° ; the air of the room was 52°; a thermo- 
meter with its bulb moistened was 45°, which I mention 
because the outer covering of the vial was moistened with some 
blood which had overflowed. After three cubic inches and a 
half of oxygen had been introduced, before agitation, the ther- 
mometer was still 49°. The bottle was briskly shaken for 
about half a minute; now, on observing the thermometer, it 
was found at 50°; the vial was again agitated ; there was no 
further increase of temperature: after ten minutes it had fallen 
to 49°. 

I shall relate one experiment more, and that on arterial blood. 
It was made on the 14th of February, and in the same manner 
as those on the venous blood. Before and after the introduction 
of the oxygen, the blood, which was from the carotid artery of 
the sheep, was 45°; after agitation with oxygen it rose to 45:5: 
this was done when the temperature of the air was 39°. 


In a former part of this paper I proposed to recur to the 
question, Is the fixation of oxygen in the blood attended with 
the formation of carbonic acid gas? The change of colour ac- 
companying the fixation of oxygen by the blood, so different 
from that produced by carbonic acid, and the effect of nitrous 
gas before and after, seem to be most in favour of the idea, that 
the oxygen, in the first instance, is simply absorbed, and that 
the heat evolved is merely the effect of its condensation; or, 
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that if any of it enters into immediate union with the carbon, it 
is only a small part of the whole. 


VIII. Conclusion. 


Should the results detailed in the preceding’ pages be con- 
firmed on repetition, they can hardly fail having some effect on 
the theory of respiration and animal heat. 


As regards the former, they appear to me to tend to show 
that the lungs are absorbing and secreting, and perhaps exhal- 
ing organs, and that their peculiar function is to introduce oxy- 
gen into the blood and separate carbonic acid from the blood. 


As regards animal heat, they appear to favour the idea, that 
it is owing, first, to the fixation or condensation of cxygen in 
the blood in the lungs in conversion from venous to arterial ; 
and secondly, to the combinations into which it enters in the 
circulation in connexion with the different secretions and 
changes essential to animal life. 


In illustration of what I imagine the secreting power of the 
Jungs, I may mention the difference of effects in an instance of 
death by strangulation, and another by exhaustion of air from 
the lungs by the air-pump. A full grown Guinea Pig was the 
subject of experiment in each. The one ki‘led by strangulation 
died in about a minute after a cord had been drawn tightly 
round its neck ; the other, placed on the plate of the air-pump 
and confined by a receiver just large enough to hold it, lived 
about five minutes after the exhaustion had been commenced, 
the pump the whole time having been worked rapidly. The 
bodies were immediately examined. The heart of the strangled 
animal was motionless; it was distended with dark blood; 
twelve measures of the blood, broken up and agitated with 
twenty-nine of carbonic acid gas, absorbed eighteen measures, 
or 150 per cent. The heart of the other Guinea pig was also 
distended with blood, but of a less dark hue. Its auricles were 
feebly acting; the lungs were paler than in the former, and 
more collapsed: ten measures of blood from the heart, broken 
up and agitated with fifty of carbonic acid gas, absorbed thirty- 
seven measures, or 370 per cent. ! N `- 


Further, in illustration of this supposed secreting power of 
the lungs, I might adduce the condition of the blood in disease, 
and in instances in which I have examined it after death from 
disease, in the majority of which I have found the blood loaded 
with carbonic acid, as indicated both by the disengagement of 
this gas, when the blood was agitated with another gas, and 
by the comparatively small proportion of carbonic acid which 
the blood was capable of absorbing. This condition of the 
blood, in relation to carbonic acid, I believe to be one of grest 
interest and importance, and capable, when further investigated, 
of throwing light on many obscure parts of pathology, and es- 
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pecially on the immediate cause of death, and that happy ab- 
sence of pain in dying which is commonly witnessed. 

As regards an exhaling power, which I suppose the lungs 
may possess, I conceive it may be exercised occasionally under 
peculiar circumstances—circumstances, in the first instance, 
favouring an accummulation of carbonic acid gas in the blood, as 
undue pressure of any kind, and, in the second instance, cir- 
cumstances of a different nature, connected with the removal 
of undue pressure, admitting thereby the excess to pass off. 


The view which I have alluded to relative to the production 
of animal heat, is, I believe, capable of explaining very many 
particulars of animal temperature in different classes of animals, 
and both during life, in health, and disease, and in a state of 
hybernation and after death. If correct, this it must necessa- 
rily do, theory being merely an expression of facts, and truths 
in nature being pertectly consistent. 


Fort Pitt, Chatham, May 30, 1838. 
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Experimental and Theoretical Researches in Electricity, Magne- 
tism, Sc. Sixth Memoir. By WILLIAM STURGEON, Superin- 
tendent and Becturer lo the Royal Victoria Gallery of Practi- 
cal Science, Manchester : formerly Lecturer on Experimental 
Philosophy at the Hon. East India Company's Military Aca- 
demy, Addiscombe Sc. §c. 


315. The present memoir will contain theoretical explana- 
tions of several electro-magnetic phenomena, in continuation 
of those applications of the theory which I have endeavoured 
to develope in the first volume of these Annals: and also des- 
criptions and theoretical explanations of some other experiments 
not hitherto published, excepting in my lectures on these subjects. 


326. It is well known that if an electric current be trans- 
mitted through a pendant wire W, fig. 1, hanging by a 
loop, to another wire P; and its lower extremity dips into 
an annular cistern of mercury, through the centre of which 
passes the magnet S, N; the wire, with its current, will 
rotate round the magnetic pole to whose influence it is exposed : 
and the direclion of rotation will depend upon the direction in 
which the current flows through the pendant wire, and upon 
the character of the magnetic pole under whose influence that 
current is placed. If the direction of the current be down- 
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wards, as indicated by the 
arrow, and the marked end 
of the magnet be upwards, 
as in the figure, the direction 
in which the wire will rotate, 
is towards the left hand of a 
person situated in the centre 
of motion, or in the situa- 
tion of the magnet in the 
figure. But if the current 
should flow upwards through 
the pendant wire, while the 
position of the magnet re- 
mains unchanged, the wire 
will rotate in the opposite di- 
rection to the former, or to- 
wards the right hand of a 
person situated in the centre 
of motion. And, on the other 
hand, if, instead of changing 
the direction of the current 
from downwards to upwards 
in the pendant wire, we were 
oniy to invert the position of 


the magnet presenting its unmarked pole to the wire, the direction 
in which the wire would rotate, would be as decidedly inverted 
as by an inversion of the current whilst subject to the action of 
the marked pole only. 


317. These rotations of a wire carrying an electric current, 
were first made by Dr. Faraday, and were supposed to be 
favourable to an hypothesis suggested by the late Dr. Wollas- 
ton; in which he supposed that the electrical current proceeds 
by a circuitous route round the conducting wire, producing 
what that philosopher termed vertiginous force. But Professor 
Barlow, I believe, was the first person who gave any satistac- 
tory explanation of these rotatory motions. in the 2nd edition of 
his admirable work on “Magnetic Attractions, &c.” Mr. 
Barlow considers the force in the wire to be tangential to every 
point on its bounding surface; and I have already shown, in 
the theory before mentioned, the probability of this force being 
identical with that which constitutes the powers of ferruginous 
magnets and of loadstone: and by admitting that identity, the 
electro-magnetic, and magnetic electrical phenomena, become 
as susceptible of satisfactory explanation as any other class of 
phenomena within the whole range of experimental science: 
whereas, independently of such magnetic tangential force, Tam 
not aware of any hypothesis that becomes generally applicable 
tothe phenomena in question. 


* 
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318. The effect of the longitudinal forces of two magnets 
operating on one another may be exemplified by the following 
experiment. Let the magnet N S, fig. 2, be suspended over the 


—̃ Ʒʃ4 
<— N 8 
Fig. 2 — 


magnet N S in such a manner that it can move freely in a hori- 
zontal plane, whilst the lower magnet N S remains fixed. It 
will commence moving in the direction indicated by the small 
dart ; and if not checked it will be taken in that direction until 
its pole N has passed, to some distance over the pole S, of the 
lower magnet: it will then return, and after a few oscillations 
it will remain at rest directly over the lower magnet, having 
their equators E and E’ in the same vertical plane. The straight 
lines with cross heads on the outside of the two magnets would 
represent the resultants of their longitudinal forces: (see plate ix 
fig. 61, 68, vol. 1.), which balance each other when the magnets 
have assumed a state of repose in their last mentioned positions. 
There is still, however, a lateral force exerted between the two 
magnets, which would bring them into contact with each other 
were they at liberty to do so. 

319 The longitudinal and the lateral forces of two steel mag- 
nets, as above described, play precisely the same part on each 
other as the tangential magnet forces of two wires transmitting 
electric currents, as shown in fig. 71, plate ix, vol. 1: or as the 
longitudinal and lateral forces of a magnet and the tangen- 
tial forces of a conducting wire ; as illustrated by the fig. 3. 


Fig. 8. 


1 


Let the circle C represent the section of a conducting wire, 
carrying an electric current from the spectator to below the 
paper on which the figure is drawn. The resultant tangential 
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magnetic forces of that wire would be represented by the four 
lines, with cross heads, placed about the circumference of the 
section. If, now, this wire were to be exposed to the magnetic 
forces of a bar of steel, N, E, S, with the equator E of that 
magnet in the same plane as that in which the axis of the wire 
is placed, as represented by the figure; then the longitudinal 
forces of the magnet, and the vicinal tangential forces of the 
wire would be in equilibrio; and the wire would have no ten- 
dency to move either towards the pole S, or towards the pole 
N, of the magnet. But if the wire were perfectly free to move 
in other directions also, it would be drawn towards the equator 
of the magnet, in a line perpendicular to the axis of the latter ; 
or, if you please, in the plane of the magnetic equator of the 
steel, till they come into contact with one another, in precisely 
the same manner as two magnets are drawn together by their 
lateral forces, as above described. If, however, the conducting 
wire C, were to be removed from the equator E of the magnet, 
towards either of the poles N or S, and then set at liberty ; it 
would again return to its former position in the plane of the 
ferruginous magnetic equator, where it would repose as before. 
These phenomena are in strict uniformity with those displayed 
by two ferruginous magnets, when in operation on each other, 
and are, no doubt, governed by the same laws. 


820. The tangential magnetic force of the conducting wire, 
and the longitudinal force of the steel bar, conspire, in all cases, 
to give a tendency to place the axis of the current in the plane 
of the maguetic equator of the steel: as was shown by M. 
De la Rive, with his floating miniature battery. Hence it 1s, 
that, by a series of fruitless attempts, in consequence of the mode 
of suspension of the wire W, in the already described experi- 
ment, fig. 1, to place the axis of the current in the plane of the 
equator of the magnet, there results a rotation of that current, 
and the pendant wire through which it traverses. 


321. When the current is very powerful, the pendant wire is 
frequently thrown with great violence out of the mercury; 
which, of course, cuts off the current for a moment, until the 
wire falls down again and closes the circuit in the mercury ; at 
which time, the current recommences and the wire receives a 
new impulse, which drives it again out of the mercury, &c., and 
by a series of these impulses, the wire progresses round the 
magnet, and thus performs a kind of jumping rotatory motion. 
When, however, the current is not, too powerful, the wire is 
never thrown out of the mercury, and the rotation is pretty 
steadily performed. 


322. A very uniform rotation of the electric current round 
the pole of the magnet is obtained by dividing it into two chan- 
nels, in the manner shown by the apparatus represented by fig. 4 
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where each of the two pen- 
dant wires W W, W W, carry 
a portion of the electric mat- 
ter, from the cup C to the 
mercury in the annular trough 
through which the magnet 
passes. By these means, the 
resultant forces which tend to 
place one of the wires at right 
angles ta the axis of the mag- 
net are prevented from throw- 


ing that wire out of the mer- 


cary, by similar counteract- 
ing forces on the opposite side 
of the magnet ; hence, both 
pendant wires rotate on the 
point P, with a very steady 
uniform motion. 

323. If, instead of both 
branches of the wire being 
turned downwards, as in fig. 
4, one of them be turned up, 
wards as in fig. 5, the pendant 
branch may be nicely coun- 
terpoised by moving the light 


ball on the upper branch, to a proper dise 
tance from the pivot, allowing the depending 
branch W. W. to preponderate a little in 
order that its lower extremity may touch the 
mercury in the annular cistern when the 
whole is at rest. By this arrangement the 
electric current may be made to traverse the 
pendant wire W, W, without interfering with 
the upper one. If, now, the copper of a single 
voltaic pair be connected with the upper cup, 
and the zinc with the cistern of mercury,* 
the current will proceed downwards through 
the wire W, as indicated by the arrew: and 
the wire will commence its rotation round the 
magnet; but instead of proceeding steadily as 
by the apparatus represented by fig. 4, it now 
makes a jumping motion, in consequence of 
a series of deflections which throw its lower 
extremity out of the mercury, into the posi- 
tion shown by the dotted line. When the wire, 
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Instead of making a direct connection between the battery and mercury 
in the cistern, it is more convenient to have a shprt wire passing through the 
side of the cistern, and furnished with a small cup for holding mercury, as 


seen at Z, fig. 2. 
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as in this case, has left contact with the mercury in the cistern by the 
first deflection, the electric current is cut off, and the wires gravi- 
tating propensity brings it down again to the mercury, and restores 
the contact. This done, the current again flows, a new impulse is 
given, and the wire again thrown out of the mercury as before; 
and so on alternately making and breaking contact; and by a 
continuation of these deflections, the wire is carried round the 
magnet, in the same direction as when both branches dip into the 
mercury. 


324, When the electric current is too energetic, the wire is fre- 
quently thrown off the pivot, or 80 tossed about as to spoil the 
beauty of the experiment; but by employing an arrangement like 
that represented by fig. 6, the fact is beautifully exhibited. The 
moveable part of fig. 6 consists of a horizon- Fig. 6. 
tal straight brass wire W W, supported on 
a pivot at its centre, having a suitable pivot 
hole on its lower side. On the extremities 
of this wire are. suspended two other wires, 
one on each; which can revolve on the hori- 
zontal one as an axle, in the same manner 
as carriage wheels revolve upon an axle. Jn 
this apparatus, however, the lower branch of 
each wire is a little heavier than the upper 
one, by which means it is kept in a vertical 
position when under the influence of gravity 
only: but, in consequence of the delicacy @ 
of suspension, can be deflected out of that 
position by the application of a very slight 
horizontal force. When the positive pole 
of a voltaic battery is made to communicate 
with the centre of the horizontal wire W W, 
and the negative pole with the mercury in 
the cistern ; the electric current will proceed 
in both diréctions along that wire, and down 
both vertical wires to the mercury, &c. The 
lower points of the vertical wires are imme- 
diately thrown out of the mercury, as represented by the dotted 
lines in the figure: and by these deflections the whole of the 
moveable system of wires receives an impulse which produces 
motion on the pivot. Gravity brings the deflected wires down 
again to the mercury, and the current again traverses the 
wires; another deflection is produced, and another impulse com- 
municated to the moveable system on the pivot: and in this man- 
ner the whole is carried round the pole of the magnet. The 
results produced by this piece of apparatus have a very singular 
effect on the mind; for as the lower points of the pendant wires are 
always thrown out of the mercury in the same directions as that in 
which the whole progresses round the magnet, and as they are not 
always thrown out at the same moment, they give the idea of 8 
man walking, or pumping in a circle round a fixed central object. 
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325. The . may again be varied in a very pleasing 
manner, by applying a wheel, instead of a wire, at each extremity 
of the horizontal piece which revolves on the magnetic pole. By 
this arrangement the wheels revolve in the mercury, whilst the 
whole system is carried round the magnet; and that which appears 
most singular in this experiment is, that the wheels rotate in the 
mercury in the upposite direction to that in which they would on 
a solid floor or road, to be translated in their orbit round the mag- 
netic centre in the same progressive direction. Fig. 7 is a repre- 
sentation of an apparatus of Fig. 7. 

this kind; which, with the 
arrangement there shown 
revolves round the magnet 
from right to left: whilst 
the wheels revolve on their 
pivots in the direction of 
the arrows. 


326. As the revolutions 
of magnets around fixed 
conductors carrying elec- 
tric currents, are effected 
by the same forces as those 
which are productive of 
the above named pheno- 
mena, the same laws apply 
in both cases: and the two 
classes of phenomena may ` 
be varied accordingly. 
When I first rotated a 
large magnet round acon- 
ductor, by suspending it 
on a pivot, I met with 
considerable difficulty in ; 
keeping it parallel to the conductor round which it was in- 
tended to revolve, until I hit upon the method of bridleing it 
to the conductor by a loop of thin copper wire as shown at K 
in figure 8, which represents the apparatus that I employed 
for rotating two magnets round two fixed conductors, at the 
same time. Before I adopted this plan, the magnets were thrown 
oblique to the axis of the conductor, the moment that the bat- 
tery connexions were made; and although absolutely taken 
round the conductor, they were tossed about in a singular man- 
ner, and their revolutions were far from being steady and uni- 
form. ` 

327. This piece of apparatus, which, amongst many others, 
I presented to the society of arts in the year 1825, is now very 
well known; being manufactured by almost every instrument 
maker in London from that period till the present time. The 
following is a description of the apparatus. A A, are two vol- 

s 
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taic batteries, each of which consists of a cylindrical copper jar, 
in which is placed a cylinder of zinc, properly insulated from 
from the other metal. To the side of each copper jar is sol- 
dered a short wire C, and a small brass cup C for holding mer- 
cury. Each zinc cylinder is also furnished with a copper wire 
and brass cup Z Z, which wires and cups are for the purpose of 
making connections between the battery and various pieces of 
5 Each battery is also furnished with two brass loops, 
through which pass freely the stout brass rod B; by means of 
which it can be adjusted to any required height, and kept firmly 
in any position by means of a set screw, which works in the 
upper loop. The vertical brass rods are screwed into heavy 
wooden feet, but are broken in the figure to prevent an unne- 
cessary occupation of the paper. The base of the apparatus is 
a stout rectangular mahogany board, from which rise three 
boxwood pillars H, H, H, which carry a rectangular stage G, G, 
in which are two circular holes for the reception of the annular 
cisterns E, E. From one side of the stage, rises a brass 
pillar I., M, for the support of the bent wire P, P, which can 
be adjusted to any required height by the thumb screw G. 
The bent wire P, P, is also furnished with two cups C, C, for 
holding mercury. The annular cisterns E, E, are also for hold- 
ing mercury, which is connected with other portions of nae 
in the small cups Z, Z, by means of short brass wires, whi 
pass through the sides of both the caps and the cisterns. N, S, 
on the right, and S, N, on the left, are two steel magnets, which 
by being bent, as shown in the figure, and having a pivot hole 
on the lower side of the bend, are supported by, and rotated 


= 
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upon, the fine-pointed wires J, J. These magnets are kept in 

a vertical position by means of looped wires, K, K, which are 

fixed to the magnets, but not to the supports J, J, which pass 

freely through the loops. On the upper side of the bend of 
each magnet is soldered a brass ae for holding mercury, and 

to this cup is attached a thin wire F, pointed at its outer extre- 

mity and bent, as in the figure, so as to be immersed in the an- 

nular mass of mercury in the cistern E. If now the two bat- 

teries be connected with this apparatus, as shown in the figure, 

the electric current will run from the copper jars along the con- 

ducting wires D, D, to the cups C, C; thence downwards through 

the wires P, P, to the mercury in the small cups on the bend of 
the magnets. Thence through the bent wires F, F, to the mer- 
cury in the cisterns E, E; thence to the mercury in the cups 

Z, Z, and up the wire Z to the zinc cylinder in the battery. 

The revolutions of the magnets round their respective wires 

P, P, are performed in opposite directions, because of different 

poles being exposed to similar electric currents. By changing 

the direction of the currents in the wires P, P, of course the 

magnets revolve in the opposite direction to the former. 


318. The batteries may be so managed as to have their forces 
divided into two currents each, one down the wire P, and the 
other up the support J. By these means both poles of the mag- 
net are operated on at the same time, and the revolving motion 
is much brisker than when only one pole is under the influence 
of an electric current. 


329. The theory of 5 which I have proposed 
serves to explain very satisfactorily the vibrating motions of a 
conducting wire, hanging pendant between the poles of a horse- 
shoe magnet, as first shown by Mr. Marsh. Let us permit the 
circle C, fig. 9, 


to represent a transverse section of the pendant conducting 
wire, hanging between the north and south polar branches of 
the horse shoe magnet N, E, S, and that wire to be carrying an 
electric current downwards. By such an arrangement, the 
lower end of the t wire would be thrown out of the bed 
of mercury, in which it was immersed, in the direction of the 
three small darts. This deflection of the wire breaks the elec- 
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tric circuit, and the wire falls down to the mercury and again 
closes the circuit. This done another impulse is given to the 
wire which is again deflected, and again the circuit brokera = and 
in consequence of u succession of alternate closings and open ing 
of the electric circuit, the wire is kept exhibiting its vibratory 
motions. If either the position of the magnet, or the direction 
of the current be reversed, the pendant wire is impelled i m the 
opposite direction, or towards the bend E of the magnet 


340. Now to account for these motions of the wire, we have 
only to look at the arrangement of the resultant lines of t Rue two 
systems of magnetic force, and examine their operations = ee 
other, upon the principles of purely magnetic action. TEA = four 
right lines with cross heads around the section of the ire C, 
may represent four resultant tangential electro-magnetic forces, 
and the long lines, (some straight and some curved) wii cross 
heads, may represent resultants of the magnetic forces f the 
steel. (See also, figs. 62 and 63, plate ix. vol 1.) Now 228 the 
two electro-magnetic resultants which are parallel to tka e two 
branches of the magnet, have their similar poles in og» Pott 
directions, they neutralize each other as regards the action Of the 
magnetic resultants of the steel: and have, therefore, no in f ene? 
in moving the wire either one way or the other. Hence tła æ two 
electro-magnetic resultants which are parallel to the — 
resultants of the steel, are they only which are influence“ l 
the latter, and tend to give motion to the wire. Then a e d. 
ingly with the laws of magnetics, we find that on the right Pag : 
as the tangential electro-magnetic resultant has its poles In i 
opposite direction to those magnetic resultants of the steel, pi 
are situated on the same side of the wire, they will — 
attract each other, and as the wire is free to move, it ww 11 all 
drawn in that direction which is indicated. by the three 8™ 8 
darts. Again, as it is found that, on the other side of the W" ae 
the tangential electro-magnetic resultant has its poles placed ol 
the same direction as those of the vicinal magnetic resultant” d 
the steel, they mutually repel each other, and consequently *© as 
to drive the moveable wire C, in precisely the same direct her 
that in which it is drawn by the attractive forces on the t oc 
side of it. Hence as it is impelled in one and the same 3 it 
tion by both the attractive and the repulsive forces to whic 
is subjected, it must necessarily move in that direction alonꝰ- 


If the current were to be reversed in the wire C, its elect", 
magnetic forces would be reversed also, and the attractions 
repulsions between those forces and the forces of the mag” id 
would be transferred to the opposite sides of the wire, and WO” at. 
conspire in carrying it towards the equator E, of the ma", 
And it is very obvious, by mere inspection of the figure, ti: 
any change in the position of the magnetic resultants ire 
steel with regard to the electro-magnetic resultants of the 7” ” 
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would be productive of corresponding changes in the direction 
of the movements of the wire. 


341. To apply this theory to the explanation of the rotations 
which a magnet performs on its own axis when subjected to 
the electro-magnetic forces of a current, requires a knowledge 


phenomena are produced by similar operations of the two 
systems of magnetic forces : and if so, then the electric current 
must necessarily traverse the axis of the magnet; and operate 
on the magnetism of its exterior, as if the latter were composed 
of a surrounding system of small parallel magnets, whose indi- 
vidual axis would be all parallel to the axis of the steel, which 
could not only be the axis of the magnetic system, but also 
coincide with the axis of the electric current. Hence, by such 
a system, both the current and the magnets rotated together in 


could see no reason why a system of magnets fixed to a central 
conducting wire, should not rotate upon the axis of the whole. 


342. To put this hypothesis to the test of experiment, I fitted 
up an apparatus which fig. 10, may very convenientiy represent. 
To a stout vertical brass wire two Fig. 10. 
bar magnets N S, N S, are fixed, but 
without being in metallic contact with 
it. Round the centre of the magnets 
is placed a brass equatorial band or 
hoop C, which has a metallic con- 
nexion, with the axial wire: but is 
insulated from the magnets. The 
axial wire is finely pointed at both ex- 
tremities for the purpose of rotating 
freely in pivot holes; one of which is 
in a little brass stud screwed into the 
base board, and the other in the lower 
end of a brass screw that passes 
through the horizontal arm of the 
brass support Z Z. The upper end | 
of that screw is furnished with a cup x = 
for holding mercury. When the ine : 
side of a single voltaic pair is in con- 
nexion with the extremities of the axial wire, and the copper 
side in connexion with the equatorial band, by the spring wire ` 
C, which presses gently against it, two distinct electric currents 
will traverse the axis of the system, each current occupying one 
half of it from the equatorial to the poles or extremities of the 


- 
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axial wire: and the whole system commences #rapid rotation, 
on its axis, and in the same direction as I first showed tthata 
bar magnet rotates on its axis by similar currents traversing t 

from its equator to its poles*. 


843. Having succeeded so satisfactorily with two na agnets 
attached to the wire, I was desirous of carrying the zamalogy 
still further, by making the system of magnets more cow plete. 
For this purpose I made eight narrow steel magnets, anc stri- 
buted equally around the axial wire, by tying them agazmet the 
curved surfaces of two cylinders of cork, through the e entre of 
which the axial wire passed. The north poles of these sara agnets 
were all placed in one and the same direction; and, Conse. 
quently, all the south poles in the other. By this arrar gement 
I had a compound hollow octagonal magnet; whose æa =x18 v 
the axis of the vertical wire. 


The rotations with this system were precisely the me 48 
with the former system of two magnets. When the s = stem 18 
inverted without altering the battery connexions, as 1 3 easily 
done by the apparatus represented by fig. 10, the rotes © ion ap- 
pears to a spectator to be inverted also: though, in ræ ality, it 
still proceeds in the same direction with regard to u on 
poles. 

344. From the uniformity in the results with all thes An 
ently formed magnets, it is fair to conclude that the rot sa uon 
a solid bar magnet on its axis, are accomplished by sœ 3! 4 
distribution of the magnetism of the bar around axial «7 4 rT > 
to that in the compound systems above described: (#1 + from 
343), and that the whole of this class of phenomena res al It Í the 
a series of mutual efforts between the magnetic force S 2 18 
steel, and those of the conducting wire or its currents, tc Va 
one another: or, in other language, from a mutual ten der rd the 
the magnet and the electric current to place the axis Y 
latter in the plane of the equator of the former. ai 

vi 


345. It is now some years since I first published mY I now 
respecting the pulsatory character of electric currents = itting 
find that others are entertaining similar notions. By ad Be 
electric currents to be pulsatory, we should have another ang 
ment to assist us in the explanations of electro-magnetic rota not 
but I have not availed myself of that element lest it shou! 
yet be generally admitted. 

Royal Victoria Gallery of Practical 

f Science, Manchester. 


rc» Ke. 
* See vol. 43, of the Transactions of the Society of Aru, Comm© 
also Phil. Mag. 
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On the Electricity of Effluent Steam. No. II. By W. G. Arma 
STRONG, Esq.* 


In concluding my last communication on the above subject, 
I alluded to experiments which had then been commenced to 
try the effect of insulating the boiler and entirely condensing the 
issuing steam. These experiments have since been completed, 
and many others have also been tried which subsequently sug- 
gested themselves, all of which I shall now proceed to describe. 


The insulation of the boiler was effected by lifting the en- 
gine with screw-jacks, until the wheels were raised about six 
inches above the rails, and then supporting it upon four insu- 
lators which rested upon logs of timber. Each insulator con- 
sisted of three separate pieces of baked wood, coated with pitch, 
and having layers of pitch and brown paper placed between 
them. The middle piece was made larger than the other two, 
so as to project beyond them, and thereby increase the surface 
without adding to the height of the insulator, which would have 
been dangerous ; and the three pieces when put together formed 
a block. 


As soon as the engine was placed on the insulators, the boiler 
was filled with water; and the fire lighted, and as the pressure 
gradually rose in the boiler, the steam was occasionally suffered 
to escape. 


The engine indicated no electricity whatever so long as the 
steam was confined in the boiler, but became negatively electri- 
fied as soon as any escape was permitted. A very trifling escape 
proved sufficient to render the negative electricity of the boiler 
sensible, and when the steam was very freely discharged the 
negative development became exceedingly powerful. The sparks 
never much exceeded an inch in length, but were very large 
and brilliant, and, owing no doubt to the magnitude of the body 
from which they were drawn, they produced effects fully equal 
to those obtained by the use of an average-sized Leyden jar. 
Some idea of their potency may be formed from the fact, that 
when not more than half an inch in length, they easily ignited 
a piece of cotton wool filled with powdered resin. 


The greatest care was taken to ascertain whether the extent 
of the electrical development was at all dependent upon the 
density of the steam in the boiler ; and it was found that when 
the discharge from the valve was so regulated in the different 
trials as to render the actual quantity or weight of steam ejected 
in a given time as uniform as possible, the negative electricity 
of the boiler increased a little with the pressure, but the posi- 


* From the Philosophical Magazine. 
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tive electricity, drawn by the pointed conductor from the issu! 
steam, increased enormously as the density of the steam Was aug- 
mented. After the fire had been extinguished at the lose of 
the experiments, and the pressure had subsided to six ox eight 
pounds on the square inch, sparks could no longer be obtained 
from the conductor held in the steam, but the negative æledn- 
city of the boiler continued to produce sparks until thee steam 
was entirely exhausted, or as nearly so as possible. THese re. 
sults appear to indicate that a jet of high-pressure teac 18 not 
in reality much more electrical than one of low-pressures steam, 
but merely that the electricity of the high-pressure jet i more 
easily collected. | 


The insulation of the boiler undoubtedly had the æ ffet ol 
diminishing the positive electricity obtained from the te , but 
not to such an extent as might have been anticipated. 

A glass tube A (fig. 1), with a cock C affixed to it, sae 
been}inserted in the boiler in the manner described in ™™Y ast 
communication, another glass tube B, about four feet lo Eg. 5 
attached to the cock, and supported at the end furthest f b g 
boiler by a glass rod fixed in the insulating stool. A sm Bl 2259 
cylinder D having a number of pointed wires projectir & ie 
one end into the inside, as shown in the section (fig. 20. * 


Fig. 1. 


then joined to the glass tube B, and to this cylinder was addc 
a third glass tube E, so as to extend the channel thre ed 
which the steam was to be conveyed. A wire with for 


* See page 42 of the present volume. 
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points was affixed to the top of the tube E for the purpose 
of collecting the electricity of the jet, and from this wire a 
pair of pith-balls was suspended. Another pair of pith-balls 
was in like manner suspended from a wire mel into the 
brass cylinder, all which arrangements will be clearly under- 
stood by reference to the figure. The cylinder, ad a great 
of each of the tubes, were enveloped in flannel, so as to 
prevent condensation as much as possible. The chief object of 
this apparatus was to test the electrical condition of the steam 
before it issued into the air, both when the boiler was insulated 
and when it was connected by a conductor with the earth. 
An iron bar was then placed tgan the engine to establish a 
communication between it and the ground, and the cock being 
, a current of steam mixed with water issued from the 
tube E. Under these circumstances both pairs of balls remained 
stationary, the electricity being probably carried off by the water 
which escaped with the steam. As the tubes became htated 
the quantity of water discharged with the steam was reduced 
to a mere spray, and both pairs of balls then slightly diverged 
with positive electricity, the upper pair expanding rather more 
than the lower pair; but u partially closing the cock both 
pairs of balls expanded fully three times as much as they had 
done when the cock was fully open; and then gradually con- 
verged, arriving at their original position after the lapse of 
about a minute. 

E was at first exceedingly puzzled how to account for this 
sin effect of attenuating the steam, but I now think it may 
be explained as follows. It is probable that the moisture of the 
steam when the cock is fully open is sufficient to enable it to 
conduct a great part of the electricity of the jet back again to the 
boiler ; but that as soon as the temperature of the steam is re- 
duced by the attenuation below the temperature which the tubes 
have previously acquired from the high-pressure steam, its 

is so far increased as to prevent the transmission of elec- 
tricity from the jet to the boiler, but not from the jet to the 
cylinder, which is a much nearer object. As the tubes cool 
down to an equality with the steam the dampness returns, and 
the electricity is again in a great measure carried back to the 
boiler. l 
The iron bar was then removed from its contact with the 
boiler so as to restore its insulation, and the engine was ren- 
dered intensely negatively by a copious emission of steam from 
the safety-valve. The cock being again fully opened, both 
irs of balls diverged strongly with negative electricity ; and 
by diminishing the escape from the valve to a certain point, and 
then 9 closing the cock, the upper halls indicated positive, 
and the lower ones negative electricity. When the escape from 
che valve was entirely prevented, and the cock fully opened, 
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both pairs of balls remained in a collapsed state, but on partly 
opening the cock they both diverged for a short time witha pos- 
tive electricity to much the same extent as they had prew iously 
done while the boiler communicated with the earth by means 


of the iron bar. 


It is important to state that when the balls were repelled 
with negative electricity, they collapsed very considerably when 
the cock was touched by the hand, but when they di -werged 
with positive electricity no effect was produced by touch i mg the 
cock, which strongly favours the supposition thatthe gosue 
electricity manifested by the lower pith-balls, was condam to 
the cylinder from the jet. 

A coil of lead pipe, immersed in a glass jar filled W ath wet 
snow, was then placed upon the insulating stool and core mected 
with the tube B, after the brass cylinder had been de & zached ; 
and the iron bar was again placed against the boiler to 55 
the insulation. Upon opening the cock to the full exten *. little 
or no electricity could be discovered in the coil, but w kaen the 
cock was partly closed, positive electricity appeared for 4 sant 
time and then faded away exactly as in the experimen = oh 
the brass cylinder. Upon removing the connexion betw Sen 115 
boiler and the earth, and raising the valve, the coil became highly 
negative, but upon closing the valve the negative ele trieiy 
vanished. 

I have little doubt that the predominance of the 72 €E 1005 
over the positive electricity in the above experiment is tr b 
table to the conducting power of the steam causing mor € in 
tive electricity to be conveyed to the coil from the bolle T: 
the coil would acquire if the steam were a non-corr Ini 
When negative electricity was in like manner so strong] Yy Ru- 
fested by the pith-balls in the experiments with the brass cy rick 
der, it was noticed, that after closing the cock while the l 
of the tubes were bedewed with moisture, scarcely any nee ing 
electricity was transmitted to the balls, so that the cond u mp 
power must have been in the steam, and not in the mere 4 
ness on the glass. N cin 

A vertical glass tube, about an inch in diameter, and bet A in 
two and three feet long, was then screwed on to the cock as 
substitution of the tube B. The lower part of this tub€ pepe g 
tained a number of pointed wires for the purpose of abs -ht 
and imparting to the cock any electricity which the steam wiih 
possess on entering the tube. When the cock was now 
opened, flashes of light began to dart through the whole jeng 
of the tube, from the cloud above it to the cock, and cont!” the 
to do so as long as the cock remained open, both wh ih. 
boiler was insulated, and when it was connected with the aA iga 
The steam in the tube was perfectly transparent, and no 
ture could be seen on the inner surface of the glass. : 
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The visible transmission of electricity from the jet to the 
cock, in this experiment, furnishes convincing proof that the 
positive electricity which we find in the jet is not developed 
until the steam assumes the form of a visible vapour ; and it 
shows also that the steam, even in its transparent state, is, as I 
have already surmised, a tolerable conductor of electricity. 


I will now venture to offer such an explanation of the elec- 
trical phenomena of effluent steam, as I conceive to be most 
consonant with the experiments I have described in this and my 
preceding communication. i 


Independently of the experimental proofs which have been 
adduced of the neutral state of the steam up to the instant of 
its transformation into an opake vapour, the water and the 
steam must be so thoroughly intermixed in the boiler of a loco- 
motive engine, as to render it impossible for the steam to be- 
come electrified with positive electricity without immediately 
imparting it to the water. 

I assume, then, as a fact, established both by reason and ex- 

riment, that the steam is in a neutral state in the boiler; 
and ‘I think that lam equally supported in saying, that it does 
not exhibit positive electricity, after leaving the boiler, so long 
as it retains its aeriform nature. 


We learn from experiment that a development of negative 
electricity in the boiler accompanies the emission of the steam ; 
and since the negative development in the boiler is obviously 
independent of the, subsequent condensation of the steam, it 
follows, that if the effluxion of the steam could be effected 
without permitting any condensation to take place, we should 
then have a development of negative electricity in the boiler 
without any simultaneous development of posil ive electricity; 
and in like manner if the ejected steam were subsequently 
condensed into water, we’should then have a liberation of 
positive electricity without a concomitant liberation of. negative 
electricity. 

These conclusions are entirely incompatible with the theory 
of two electric fluids, but are quite reconcileable with the hy- 
pothesis of a single fluid. It seems perfectly rational and con- 

\ sistent with analogy to suppose, that the immense augmentation 
of volume which takes place when water expands into steam of 
any ordinary density, should occasion a greatly increased capa- 
city for electricity ; and consequently, that the quantity of elec- 
tricity which suffices to produce a neutral or saturated state in 
water, should be inadequate to sustain that condition when the 
water is converted into steam. Upon this supposition the 
steam as it forms in the boiler will absorb electricity from the 
adjacent conduetors: in order to acquire a neutral or salurated 
state, and when by condensation it again becomes water, the 
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electricity thus absorbed will necessarily be set free; and hence 
the positive electricity which we find in the jet. 


Upon the same principle, if the boiler be insulated, the wafer, 
the boiler, and the uncondensed steam, will all be reid ered 
negative, provided the steam be permitted to escape, But not 
otherwise ; for if the steam be confined within the limitss of the 
boiler, the evaporation will not be attended with any # zzc7ease 
of volume, and the absorption of electricity will in conne quence 
be prevented. In all these respects the theory exactly zaccords 
with observation. 


I am bound, however, to admit that the explanation which 

I have here advanced, involves certain conditions which appear 
somewhat at variance with experiment. In the first p Ice ™ 
condensation of a given weight of low-pressure steam œ aaght, if 
the absorption of electricity depends upon increase of olume, 
to liberate more positive electricity than the condensem Non 
an equal weight of high-pressure steam; and in the second 
place, the expansion of steam from one degree of de sit) to 
another should, on the same principle, be accompani = A PY 4 
development of negative electricity. Notwithstanding, h «> Weve, 
what has been advanced in favour of high-pressure ste =? ert 
taining more electricity than steam of low density, L thin 
it quite possible that the reverse of this may be tha € fact ; 
for it is not at all improbable that a low-pressure J €t “ike 
conduct so large a portion of its electricity back agairm ©. b. 
boiler as to make it appear to liberate less electricity tham £ high- 
5 jet, while in reality it may develope a great deze = eee 

t is quite reasonable to suppose that the conducting we. 
steam should be increased by rarefaction ; and besides, 2 i 
to make a fair comparison between the quantities of electr y 
liberated by two jets of steam, it is indispensible th 
should discharge equal weights in equal times, and to eff€ 
condition it is necessary to discharge a much larger volume . 
the steam is of low pressure, than when it is of great 12 J. 
and by so doing we unavoidably increase the quantity of un the 
porised water swept out of the boiler in conjunction wit h set 
steam, and thus improve the communication between tPE 2 8 
and the boiler, and at the same time cause a considerable disp? 
sion of the electricity. 


With regard to expansion producing negative electricity H 
have certainly never detected such a result; but I much 9Y Ai 
tion whether in any of the above experiments expansion 3 
effected without an aqueous condensation sufficient to pr wr 
countervailing effect; or the insulation was ever suffi 5 
perfect to prevent feeble negative electricity being carrie the 
or overwhelmed by the positive electricity developed 3” 
jet. 


cient 


By Mr. Condie. 311 


Mr. Nicholson has zealously co-operated with me in the ex- 
pcriments I have described, and it is our intention to make a 
further attempt to clear up the difficulties which still embarrass 
the subject. 


In connexion with the experiments which I have recently 
published on the electricity of effluent steam, it occurred to me 
that it would be well to inquire whether similar effects to those 
I have described, could be produced by compressing common 
air in areceiver, and then suffering it to escape in a jet, in the 
same manner as steam had been discharged from a boiler in the 
experiments alluded to. With this view, therefore, I condensed 
about eight atmospheres into a strong vessel, the capacity of 
which was nearly six quarts ; I then insulated the vessel, an 
discharges the air through a glass tube which I had previously 
inserted for the purpose. 

On the first trial I obtained no indications of electricity what- 
ever, but upon repeating the experiment on 4 subsequent day, 
the insulated vessel became 80 highly electrified, when the air 
was discharged, as to yield sparks fully a quarter of an inch 
long. I afterwards tried the same experiment a great number 
of times, and, strange to. sa), che electricity of the vessel though, 
generally negative, occasionally proved to be posilive. Some- 
times the electricity was very strong, and sometimes very weak, 
and frequently I could get no electricity at all. By means of 
an insulated conductor terminating in a number of points, 1 
also obtained electricity from che ejected air, and found it to be 

positive every time I tried it. 

I more frequently succeeded in producing an electrical de- 

velopment when the receiver was cold, and contained a little 
moisture, than when it was warm and dry, 80 that it is not im- 
probable that evaporation may even here be the source of the 
electricity. I am by no means sure, however, that my better 
success when the receiver was cold and damp, was not mere 
chance, and I only mention the circumstance as à suggestion to 
persons who may think proper to repeat the experiment. 


Electricity of Steam. By Mr. Coxpix. 


Mr. Condie, says, that, for the purpose of trying for the elec- 
tricity of steam from one of the boilers belonging to the Blair 
Iron Works, he placed himself on an insulating stool, consisung 
of a board resting on three glass bottles. Having in one han 
a long iron rod, furnished with four sharp points at the farther 
extremity, which he held ina jet of steam issuing from the 
safety valve of the boiler. When the points were eld about 
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10 or 12 inches from the valve, sparks of half an inch in length 
could be communicated from the knuckles of the operator to 
those of the surrounding observers: but as the pointed extrem- 
ity of the rod was raised in the cloud of steam tofabout six or 
eight feet above the valve, the sparks became more vivid and 
increased in length to about an inch and a half; and were m early 
as stunning in their effects upon the arms as the shocks from a 
moderately sized Leyden jar. In the evening, when the excperi- 
ment was resumed, the corners of the foot board presented 
beautiful brushes of electrical light of two or three inc hes in 
length, and the hairs of the head and of the clothing”or the ex- 
perimenter became tipped with the luminous matter. Sparks 
of two inches long, and of great power were then obtained. 
These very interesting experiments were made upon the steam 
of boilers of 32-feet long by 6-feet diameter, each. g. The 
first set of experiments were made when the steam pressure 
was 121d; and afterwards with a pressure of 25 1b, per square 
inch. The effects obviously increased with the increase of 
pressure“. i 
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On the Theoretical Explanation ọf an apparent new Polarity in 
750 By Georce B. Airy, Esq., M. A., FR. S., Astronomer 
oyal. 


In a paper published in the second part of the Philosophical 
Transactions for 1840, the author explained, on the und tory 
theory of light, the phenomena observed by Sir David Brewster, 

and apparently indicating a new polarity in light. That ex- 

. planation was founded on the assumption that the spectrum was 

viewed out of focus; an assumption which corresponded with 

the observation of the author and of other persons. But the 
author having, since the publication of that memoir, been assured 
by Sir David Brewster that the phenomena was most certainly 
observed with great distinctness when the spectrum was viewed 
so accurately in focus that many of Frauenhofer’s finer lines 


* We have made several experiments on the steam from boilers of steam 
engines, the particulars of which will be given in the next number. Eprr. 


Electro- Magnetic Clock. 313 


could be seen, he has continued the theoretical investigation for 
that case, which had been omitted in the former memoir, 
namely, when the spectrum is viewed in focus; and he has 
arrived at a result, which appears completely to reconcile the 
seemingly conflicting statements, and to dispel the obscurity in 
which the subject had hitherto been enveloped. 


Description of the Electro-Magnetic Clock. By 
C. Wuegatstone, Esq., F. R. S. 


The object of the apparatus forming the subject of this com- 
munication, is stated by the author to be that of enabling a 
single clock to indicate exactly the same time in as many differe 
ent places, distant from each other, as may be required. Thus, 
in an astronomical observatory, every room may be furnished 
with an instrument, simple in its construction, and therefore 
little liable to derangement, and of trifling cost, which shall in- 
dicate the time, and beat dead seconds audibly, with the same 
precision as the standard astronomical clock with which it is 
connected ; thus obviating the necessity of having several clocks, 
and diminishing the trouble of winding up and regulating them 
separately. In like manner, in public offices and large estab- 
lishments, one good clock will serve the purpose of indicating 
the precise time in every part of the building where it may be 
required, and an accuracy ensured which it would .be difficult 
to obtain by independent clocks, even putting the difference of 
cost out of consideration. Other cases in which the invention 
might be advantageously employed were also mentioned. In 
the electro-magnetic clock, which was exhibited in action in the 
apartments ot the society, all the parts employed in a clock for 
maintaining and regulating the power are entirely dispensed 
with. It consists simply of a face with its second, minute and 
hoar hands, and of a train of wheels which communicate motion 
from the arbor of the second’s hand to that of the hour hand, in 
the same manner as in an ordinary clock train; a small electro- 
magnet is caused to act upon a peculiarly constructed wheel 
(scarcely capable of being described without a figure) placed 
on the second’s arbor, in such manner that whenever the tem- 
porary magnetism is either produced or destroyed, the wheel, 
and consequently the second’s hand, advances a sixtieth part of 
its revolution. It is obvious, then, that if an electric current 
can be alternately established and arrested, each resumption and 
cessation lasting for a second, the instrument now described, 
although unprovided with any internal maintaining or regula- 
ting power, would perform all the usual functions of a perfect 
clock. The manner in which this apparatus is applied to the 
clocks, so that the movements of the hands of both, may be per- 
fectly simultaneous, is the following. On the axis which carries 
the scape-wheel of the primary clock a small disc of brass is fixed, 
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which is first divided on its circumference into sixty equal parts; 
each alternate division is then cut out and filled with a piece of 
wood, so that the circumference consists of thirty regular alter- 
nations of wood and metal. An extremely light brass spring, 
which is screwed to a block of ivory or hard wood, and which 
lias no connexion with the metallic parts of the clock, rests by 
its free end on the circumference of the disc. A copper w ire is 
fastened to the fixed end of the spring, and proceeds to one end 
of the wire of the electro-magnet ; while another wire attached 
to the clock-frame is continued until it joins the other end of 
that of the same electro-magnet. A constant voltaic battery, 
consisting of a few elements of very small dimensions, is inter- 
posed in any part of the circuit. By this arrangement the 
circuit is periodically made and broken, in consequence of the 
spring resting for one second on a metal division, and the next 
second on a wooden division. The circuit may be extended to 
any length ; and any number of electro-magnetic instruments 
may be thus brought into sympathetic action with the standard 
clock. It is only necessary to observe, that the force of the 
battery and the proportion between the resistances of the electro- 
magnetic coils and those of the other parts of the circuit, must, 
in order to produce the maximum effect with the least expendi- 
ture of power, be varied to suit each particular case. 


In the concluding part of the paper the author points out 
several other and very different methods of effecting the same 
purpose ; and in particular one in which Faraday’s magneto- 
electric currents are employed, instead of the current produced 
by a voltaic battery: he also describes a modification of the 
sympathetic instrument, calculated to enable it to act at great 
distances with a weaker electric current than if it were con- 
structed on the plan first described. 


ROYAL VICTORIA GALLERY OF PRACTICAT, SCIENCE, 
MANCHESTER. 


CONVERSAZIONE, FEBRUARY 4TH, 1841. 
J. A. Ransome, Esq., in the Chair. 


On the Human Eye, and Vision. By R. T. Hunt, Esq, 
Surgeon, §c. 


Mr. Hunt’s lecture, was illustrated by some very 
beautiful coloured drawings and diagrams, exhibiting the ex- 
ternal and internal structure of the human eye; the form 
of the pupil at different ages; the inverted images of outward 
objects; views of the cornea and pupil in different positions, 
&c. and also by an anatomical model of the eye, and a little in- 
strument like the human eye, and constructed on the same op- 
1 70 principles, which exhibited the inverted images @f external 
objects. 


* 
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Mr. Huat commenced by notieing the external form of 
the human eye, composed of two segments of spheres of dif- 
ferent diameters; and he then entered into a popular description 
of the several coats and humours of which the internal eye 
was formed, the coats being the containing parts, the humours 
the parts contained. The humours were the aqueous, the 
lens (or crystalline), and the vitreous. The dark membrane 
was a very beautiful structure, being required for the pur- 
pose of obscuring all the internal parts of the eye for optical 
purposes, just as in the camera obscura the interior of the 
box was blackened. Next within this was the nervous 
structure of the eye, the retina, upon which depended the com- 
munication ot those impressions to the brain which constitute 
vision. The retina was connected with the optic nerves, con- 
necting the eyeball with the brain, by means of which com- 
munication vision tonk place. The retina which lined the eye 
from the external part of the lens, entirely through the whole 
back part of the eye, was similarly external to the vitreous hu- 
mour, and was perfectly transparent in the living eye, so that 
the black membrane was seen through it, giving the black 
colour to the centre ofthe pupil. Having thus noticed the 
chief circumstances connected with the general arrangement of 
the eyeball, he would next advert to the manner in which they 
appeared to be made conducive to vision. It was not his inten- 
into to enter into any general account of optics: it would be 
sufficient to state, that light entered the eye, and passed into its 
interior; and when it arrived at the lens, it was caught up in 
such a manner, that, in an instrument like the eye, a perfect 
image was formed of every object placed opposite to the front 
of it, by those rays which could enter through the interior 
transparent part and the chambers of the eye, so as to fall 
upon the retina. Nor should he enter upon the theories of 
light, as to whether it was a material substance which entered 
into the eye in a materia] form, passing to the retina, or whether 
it consisted of undulations or vibrations which acted upon the 
membrane in front of the eye, and passed through the aque- 
ous humour to the lens, and thence through the vitreous 


humour, so as to make an impression upon the nerve of vision, 


which conveyed this impression to the brain constituting 
sight. Probably the use of the vitreous humour was chiefly 
to keep the delicate retina spread out and free from all wrink- 
les, so that objects might be represented equally throughout. 


He repeated, the retina was not opaque like ground glass, as it 


was generally described, but perfectly transparent, and it was 
the only instance in any animal body ofa nerve being perfectly 
transparent. If it were not, it would interfere with vision. 
[The lecturer then explained the optical instrument made to 
resemble the eye, and to produce an inverted image.] Any 
‘one looking into the eye of a friend looked quite through the 
retina, and saw the black membrane which lined the entire in- 
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terior of the eye. There was one common error to which he 
would allude, and which was even continued in able works,— 
viz. that a distinct picture of the object is formed on the retina. 
This he must totally deny. He would admit that a picture was 
formed in an instrument constituted like the eye, and even in 
the human eye after death ; but, during life, the supposition of 
the appearance of any picture on the retina was totally at vari- 
ance with the truth. It would take too much time to enter 
into the arguments in support of this view to any great extent; 
but he felt it incumbent upon him to state what he considered the 
manner in which vision took place. All the senses were alike in 
one respect: they consisted of à number of material organs me- 
chanically arranged, for the purpose of transmitting particular 
impressions to the brain, by means of the nervous system. But 
these organs could only convey material impressions; and the 
only difference between touch, considered one of the simplest, 
and sight, one of the most complicated, organizations of sense, 
was, that in touch the object or substance which produces the 
impression is applied to the nerve, and placed in contact with 
it; but in sight, as well as in sound, the objects which produce 
the impressions are not applied to the nerve; but a material 
substance which we call light, which in some way or other 
conveys different impressions, which produce the effect we 
call vision, to the retina, and that conveys them to the brain 
through the intervention of the optic nerve. If we can trace 
distinctly that it is not necessary for a picture to be formed 
upon the retina, of course that would account at once for what 
would otherwise be a contradiction, that the apparent structure 
of the retina allows the eye to act as a perfect optical instru- 
ment, and that all rays of light impinge upon the retina, but 
when they come there, do not stop; but by means of a material 
impression being conveyed to the optic nerve, that nerve con- 
veys the impression to the brain. This may be distinctly shown 
by the fact of material pressure, or even a blow, not causing 
any pain or feeling of contact or touch, but causing a distinct 
impression of light to the individual. He would notice another 
beautiful arrangement :—When looking at an object, we did not 
appear to be looking out of a window or through a frame, at 
the whole scene, but we look at one part more, and at the sur- 
rounding parts of the landscape less, distinctly; and, if 
we want to see the other parts, we must alter the position 
of the eye, so as to throw the object sought, upon that 
part of the retina best adapted to receive the impression. 

the structure of the retina was found to correspond with this 
state of things. Another circumstance connected with the ap- 
pearance of objects was that of the inversion of the image of 
the objects seen. This took place in the instrument made to 
resemble the eye, and in the eye itself, and it had been, and 
perhaps was yet, difficult to account for the inverted image. 
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The idea of the law of visible direction, and that of the habit of 
correcting this disposition, were equally erroneous; and no one, 
who had attended to the phenomena of vision, would think 
either sufficient to account for this appearance. There was no 
doubt whatever that we saw objects upright; and all the rea- 
-soning ever brought forward, either in support of the opinion 
that this depends upon the habits of the individual, or upon 
the laws of visible direction, would never convince any one to 
the contrary. But it had latterly been attempted to be shown, 
that the arrangement of the structures between the eye and the 
brain was of such a curious nature, that we might account for 
the rectification of position, by referring to those structures. 
The impression of visible objects, passes not only to the lower 
part but to the back part of the brain. After it has entered the 
skull, the nerve of one side unites with the nerve of the oppo- 
site side; and from this union there is a continuation of the 
nerves backward to tlie posterior side of the brain, with which 
they are connected: and immediately adjoining that part, the 
brain, which is in two halves, is united by a distinct bridge of 
nervous matter. The way this bears on the phenomena of 
vision is, that, if we trace the fibres as far as the junction be- 
tween the two optic nerves, we find that there they change 
place ; the fibres which came from the upper part of the retina 
5 to the lower part of the sensorium, and vice versd. 
esides this, as the nerve passes back ward, there is again a 
union just at its point of junction with the brain, or of the two 
sides of the brain to the part where this peculiar nerve arises. 
These circumstances have not only led some to suppose, that 
the inversion of the object is rectified by the optic nerve at this 
point, but also that the obliquity or crookedness of objects, be- 
cause of the concavity of the retina, was also rectified. It was 
their opinion, that at the back part of the brain, near the junc- 
tion, there was also some intricate arrangement which regulated 
or rectified these incorrect forms of impression; and we know 
that we see and distinguish the difference between a straight 
and a curved line, though all the impressions upon the retina 
must be curved. Another interesting circumstance connected 
with this junction of the nerves, till of Jate years, has not re- 
ceived much attention. We were in the habit of looking con- 
stantly at objects with both eyes, and yet we saw but one ob- 
ject. If we present but one eye, we can see two objects; but 
in perfect sight it appears as if we saw but one. ‘This arrange- 
ment in the interior of the brain at the junction of the nerves, 
is probably connected with the rectification of curved lines ; but 
the posterior junction of the brain is supposed by some writers, 
icularly by Dalrymple, to be the junction which combines, 

as it were, the two impressions into one. In looking at any ob- 
ject, there is as-distinct an impression made on the right as on the 
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left cye, so as to make two impressions; they are conveyed along 
to the junction, and afterwards, when they come to that part of the 
brain upon which the consciousness of vision depends, they are 
combined and united into one. And what gave great probability 
to the suggestion was, that, in the other senses of hearing, taste, 
and smell, the nerves were connected in the brain by similar junc- 
tions. It was most probable, therefore, that this posterior jumeijon 
was the one which had relation tu seeing objects singly, and that 
the interior junction altered the position in which impressions of 
objects were formed upon the retina, not only with respect to their 
inversion, but also as to their curved appearance. How the optic 
nerve transmitted to the brain the impression produced on the 
retina, causing the particular sensation of sight or vision, we know 
not; we merely know that the eye is a living optical instru ment, 
which receives impresssions of outward objects; and that there is 
a beautiful arrangement of nervous structure, which carries them 
to the brain; but here we must stop: how the impression is trans- 
mitted must probably always remain hidden, as it appears beyond 
human power to comprehend. This showed, however, how very 
insufficient any consideration was, that the mere arrangement of 
mechanism could give that degree of consciousness necessary to 
the performance of this beautiful function. He had also to notice 
a very beautiful mechanical arrangement in the iris (that part 
which gave to the eye its colour of black, gray, blue, or hazel); 
the pupil was not always the same size, it increased and diminished, 
or, in technical language, contracted or dilated ; but in either ope- 
ration it always maintained the same form, by means of the me- 
chanical adaptation of a number of radiating fibres, running from 
the centre towards the margin of the iris; which by their action 
dilated the pupil, by drawing the edye to the outer part, and other 
fibres contracted the pupil by drawing the margin nearer the centre. 
Now, a bag, if drawn together by a number of strings, would be 
puckered ; and nature seems to have prevented this puckering in 
the pupil, by means of numbers of short fibres connected with the 
radiating fibres, and thus prevent the puckering which would other- 
wise take place. These fibres were not distinctly seen in the 
human eye; those appearances which were visible being merely 
occasioned by the blood vessels and nerves of the eye. Light en- 
tering the eye through its interior chambers, the use of the dilata- 
tion and contraction of the pupil was to moderate and regulate the 
quantity of light admitted ; so that, if the light was so very strong 
and brilliant that it would be injurious to enter the eye fully, the 
pupil contracts, to limit the quantity of light to be admitted. If 
the light be dull, the pupil dilates, in order to collect and admit of 
as much light as possible. Throughout the eye, then, there were 
everywhere visible the most beauntifal order and arrangement. A 
strung outer case, including all the parts, having a window in front 
to edmit the light, which entered so as to produce an exact im- 
pression of outward objects upon the nerves of the eye by means 
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of its different fluids, the aqueous, crystaline, and vitreous humours ; 
so as to bring the light (whether a material body or a mere vibra- 
tion) in that exact state upon the retina, which should produce 
those changes which were necessary, when the impression was con- 
veyed to the brain, to constitute perfect vision. The eye, as he 
had said, was lined with a black membrane round it, which ab- 
sorbed all the light that would otherwise interfere with perfect 
vision, and the perfectly transparent nerve of the eye lay within 
this black membrane. ‘These might be regarded as the material or 
mechanical arrangements for vision; for the transmission of an 
object on the retina by means of the optic nerve to the brain was 
perfectly mechanical, and continued so till it reached the place 
where consciousness was produced, and there, at least, it was per- 
haps a wise provision of the Author of our being that we should 
know nothing further; as, after all our researches into this and 
other kindred subjects, we could only come to one conclusion, that 
“ we are fearfully and wonderfully made. — (Applause) 


Mr. P. H. Holland was sure but one opinion could exist as 
to the propriety of giving the thanks of the meeting to Mr. 
Hunt for his interesting communication ; and the directors and 
members of the institution were the more particularly indebted 
to the lecturer, when, as in this case, one not immediately con- 
nected with it, devoted his time and talent to their service. 
Mr. G. S. Fereday Smith seconded the motion, which passed 
unanimously.—The chairman, in cenveying the thanks of the 
meeting to Mr. Hunt, said, he should be glad to hear any re- 
marks from any one present; and he was sure Mr. Hunt would 
be glad to answer any questions, or to give further explanations, 
if any part of his lecture was not clear, which, however, was 
not very likely.— Mr. Hawkshaw wished to ask in what respect 
the living eye differed from the dead one, so that no image was 
formed on the retina ^f the living eye. He could not precisely 
see the use of the biack membrane, if no image was formed in 
the living eye. Of course, he was aware there must be a point 
in all these inquiries, where mechanism must stop, and mind 
must begin to operate; but, if the mechanical operation stopped 
before an image was formed, then he could see no necessity for 
the black lining or membrane.—Mr. Hunt said, that, if he 
wished to produce an image in the camera obscura, we should 
never choose a black screen; for, if the image were thrown 
upon a perfectly black ground, the colours were confused or 
made indistinct ; and therefore, in the original camera obscura, 
a darkened room, with a wall at a right focal distance from a 
hole in a window shutter, a white screen was used. Then if it 
were true that an image was formed upon the retina ; if a white 
surface was opposed to the retina, it ought to produce a white 
surface on the retina ; and if the whole side of a room were 
white, this whiteness ought to be seen as the colour of the retina 
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by the eye of an observer looking in front. This did, in fact, 
take place in any instrument which resembled the eye, arad in 
the eye of the cow or the sheep, if examined a certain time after 
death. But this white appearance could not be produced in 
the retina of the living human eye, and it was an experiment 
that might easily be made. He did not believe, that it w as at 
all material that an image should be formed on the retina, be- 
cause no one would suppose that all images formed on the retina 
were conveyed to the brain; and, therefore, it must be some 
action that takes place in this nerve which produced the in- 
pression in the brain to which we owed the sense of sight. If 
that was the case, then there was no necessity for an image on 
the retina. He feared he had been misunderstood, has the sub- 
ject was a difficult one; but he believed, that whether light 
entered the eye, passed through the transparent structure, and 
touched the retina, or whether mere vibrations or undulations 
from the light impinged on the front of the eye, this impression 
was quite sufficient to account for vision, and this impression 
was made exactly as an image would be made. Rays froma 
large object entering the eye would produce impression at dif- 
ferent distances from smaller objects ; but he thought there was 
some foundation for saying, that no image was actually produced 
on the retina. 


Mr. Makinson said, that, as individuals advanced in years, 
they were obliged to use spectacles or glasses. Was this owing 
to the conformation of the eye, or the crystalline lens, or the 
aqueous humour, being altered? 


Mr. Hunt said, some cf his diagrams exhibited views of the 
lens of the human eye at different ages—one the form at birth, 
the second at about six yearsof age, and the third at a maturer 
period of life. A similar degree of development occurred in the 
other structures and tissnes of the eye. Up to maturity the lens 
retained its orbicular form but afterwards it became very much flat- 
tened, and assumed a different form in the later period of life. 
But perhaps what led very much to the alteration of sight was the 
alteration in the front of the eye or corners. This being more or 
less convex produced a different vision. If very convex, the in- 
‘dividual was near-sighted: and if nearly in the natural state, it 
was flatter rather than the reverse; one cause whence it arose was 
from the cornea not being so fully filled in old age. If the eye is 
too much used at an early period {at a short focal distance - if an 
individual is engaged at an early period of life, in learning of any 
kind, which requires the constant application of the eye to small 
print, he thought this would account for a tendency to near- 
sightedness ; and he thought many gentlemen present would bear 
him out in the notion, that the present rage for the over-cultivation 
of the infant mind was one reason why there were now so many 
more cases of near-sightedness than formerly; as the eye was en- 
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gaged in examining minute objects before it was fully developed. 

Mr. William Read asked whether the same or analogous pro- 
cesses of vision obtained with all animals in the same medium as 
man. 


Mr. Hunt said, the eyes of birds differed considerably from the 
human eye, and those of insects still more so. The eye of the 
dragon fly contained, he might say, some hundreds ot united eyes. 


Mr. P. H. Holland said, that an explanation had been attempted 
why the inverted image on the retina should not convey an inver- 
ted image to the brain. Mr. Hunt's explanation was quite as in- 
genious as others of the same character, which had been started by 
a succession of physiologists, to explain a fact which it appeared to 
him (Mr. Holland) required no explanation. We saw objects in 
the right way because we had no notion of up and down, than 
what arose from the relative situation of objects to the surface of 
the earth. That this was the correct explanation might be told 
from the fact, that when the position was changed, and the indi- 
vidual was lying on his side, he was never in the least incommoded, 
though the image on the retina was from right to left. He at 
once referred the bottom of the object to the ground, and the top 
to the sky. It appeared to him not to require any anatomical 
arrangement to reverse the image. We were not conscious of 
any impression upon the retina. We knew nothing at all but 
that we saw; that we saw by our eyes was a matter of reasoning, 
and it appeared to him that physiologists had created the aiff 
culty. f 

Mr. Hunt said, that Mr. Holland’s exposition had prevailed 
for many hundred years; it had been thoroughly investigated 
by men every way competent to conduct such an enquiry, and 


it had now been thrown aside for a length of time. No one 


could convince him, by reference to habit or to any circumstance 
of education, that the inverted image or impression gave a di- 
rect sensation of the upright image, unless by means of some 
anatomical arrangement. Mr. Holland, if satisfied of the truth 
of his views, should also be fully satisfied that there was no 
such thing as perspective. He (Mr. Hunt) believed that the 
sense of sight required a great power of reasoning, which took 
place at a time when the individual was notin a state to give 
the result of his reasoning to the world—viz., before the time of 

h. He believed there was a very rapid development 
of the eye in the first years of life. We saw young children 
try to lay hold of things beyond the reach of their hands; so 
in the same manner they were led to connect distance with the 
appearance of the object. The case of Cheselden’s, which had 
been related so often, where an individual born perfectly blind 
was restored to sight by an operation, and where, the disease 
being congential, he had never learned to see, showed that such 
an individual believed every thing he saw to be like a picture, 
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and he had no more idea of a tree a mile off, than of one only 
three inches distant. He believed every thing to be a flat sur- 
face, as if painted on a wall. Those circumstances sliou Id be 
taken into account before doubt was thrown upon a new view 
of physiological facts. 

Mr. Holland said, he was not bound to deny the existence 
of perspective; which, so far from being contrary to the wiews 
he had stated, was the very argument he would have used to 
support them. We saw distant objects appear smaller and 
more indistinct than when nearer; and the inference that the 
distant objects are as large as the near ones, is solely a Matter 
of reasoning, conscious or unconscious as the matter might be. 
We see an object ; we infer at a glance that it is at such a dis- 
tance ; we refer it to the distance at which we know it would 
assume such appearances, and we thus rectify what would be an 
incorrect inference if we went by sensation only. Mr. Hunt 
had referred to a case in Cheselden ; but might not every body 
see every thing flat, and infer it was not flat because they had 
been taught otherwise. That objects were not all plane sur- 
faces was matter of education. If objects were exactly drawn, 
and shaded, as we knew by the instance of the diorama, it re 
quired a great effort of the mind to think we saw them flat. 


Dr. Fleming differed wholly with the last speaker as to the 
image on the retina being transmitted thence to the brain. He 
did not see that this was at all a legitimate subject for the exer- 
cise of hypotheses. He believed truth was never more advanced 
in the world than by taking facts in opposition to reason. We 
had the fact, that the nerve receiving the impression of the 
upper part of the object was traced to the same position in the 
brain, or sensorium ; which to him seemed a sufficient explana- 
tion, and one which did not leave room for hypotheses. 


Mr. Hawkshaw said he should be glad to have explained why 
the image seen on the retina after death was not seen in 
living eye. l 

The Chairman said this had been already explained by Mr. 
Hunt, who had stated that the retina, instead of remaining 
transparent after death, became opaque, or like the screen of 
ground glass in a camera obscura. He believed that Mr. Hunt 
was quite correct in stating it as a fact that no image was 
formed within the dark chamber of the eye. He (the chair- 
man) could mention an analogous case occurring in the new 
process of the daguerrotype. If tbe images in the camera 
were thrown on a white screen, they were found to be beauti- 
fully distinct; but when the prepared plate was introduced, 
being of a darker colour, viz., a golden hue, the distinctness of 
the image was very much diminished ; so mnch so, that, when 
the objects were not strongly illuminated, he could not see 
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them at all ; yet, giving it a proper time, the impression of the 
objects which we could not see was nevertheless so completely 
conveyed to the surface of the plate, as to enable us to form 
beautiful specimens. 


Mr. Walker, surgeon, said he had made experiments with the 
eye of the sheep, by removing a small portion of the posterior 
part of the eye; and he found, that, even after the removal of 
the retina, the image was still visible. He thought that all the 
contrivances which were so apparently for the production of the 
image, would not have been found, if really there was no image 
there. 


The Chairman said, the image could not be seen, of course, 
in the internal part of the surface of the membrane, as it could 
not be received upon a dark membrane; and as the retina itself 
was transparent, where were we to look for the image? 


Mr. Hunt said he thought it would be found, that the parts 
of the eye which remained, and through which the light passed, 
were perfectly transparent; and it would be necessary to form 
a screen of jsome kind for the image to be fixed upon; and 
therefore, although the aqueous humour, the lens, and the vitre- 
ous humour, would act in the same way as usual with respect 
to converging and diverging the rays of light, yet we must 
place a piece of white paper or some other material to receive 
the impression upon it. He did not intend to controvert the 
fact, that the image was formed in an instrument like the eye, 
or in the dead eye; but it could be shown distinctly, that, if it 
did take place in the living eye, it would lead to confusion of 
vision. Mr. Walker had said, that he did not see the use of all 
this arrangement for producing particular impressions upon the 
retina, unless a distinct image were formed there. But, if 
such an impression was not provided, we never couid see ; and 
he had stated distinctly, that the material impression upon the 
retina was conveyed by the optic nerve to the brain by which 
the impression was transmitted to the mind. All these impres- 
sions were arranged exactly according to the laws of optics; a 
large object would make a large impression upon the retina, a 
minute object a small impression ; and, therefore, the converge 
ing powers of the lens and the vitreous humour were necessary 
in order to arrange the impression in that way upon the retina 
which would convey to the brain all those circumstances which 
were necessary in order to ensure perfect vision. 


Mr.;Walker said, that the fact remained that there was an 
image, which he had seen after the retina had been removed ; 
an image in the eye exactly corresponding with the objects in 
the external world: and, therefore, the position as to the exist- 
ence of such an image was partly tenable. 


Mr. Hawkshaw said, that Mr. Hunt considered the impres- 
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sion made was not a visible impression ; but of course an im- 
pression must be made. 


The Chairman said, the impression was not visible to another. 
As to the experiment where the retina became opaque, we must 
expect to find the vitreous humour also become opaque. T here 
must be a screen of some sort, or there could be no image ; it 
was necessary in „ to create a sort of screen of 
smoke upon which to throw the image; and in Mr. Walker's 
experiment he should rather suspect some little opacity im the 
membranes. 


Mr. Sturgeon said, I am exceedingly glad, Mr. Chairman, to 
hear you state, that facts will always have a great weight in 
discussions on such subjects as that before us; and, therefore, 
I will venture to point out a fact of considerable importance, 
concerned in the formation of images by lenses, which I Dave 
not heard noticed this evening. I believe it is admitted by all 
parties who have entered into this interesting discussion, that, 
within the eye, and close to the posterior side of the iris, there 
is a lens, which receives those rays of light that have passed 
through the pupil. That being conceded, then, as that lems is 
a double convex, it will exercise the same functions in the form- 
ation of images as those exercised by convex lenses generally. 
Its being a fluid lens is a matter of no consequence ; for it is well 
known, that images are as decidedly formed by fluid lenses as 
by lenses of solid glass. Now the fact I have to mention is this: 
the functions of the crystalline lens of the eye are entirely inde- 
pendent of the presence of the retina ; and images would be 
formed as correctly without the retina as with it. Indeed, 
the most correct images that convex lenses are capable of 
forming, are in those cases in which no screen is employed. 
The images formed in the tube of atelescope, and in the body 
of a compound microscope, are far more perfect than any that 
can be formed on a screen. These images are formed in the 
air, and would be as decidedly formed if no air were present. 
Hence, a screen on the posterior side of the eye-ball is not essen- 

tial to the formation of images by the crystalline lens. Indeed, 

the most perfect image that the eye is capable of producing 
must necessarily be formed in the transparent vitreous humour 
in front of the retina; and when the image is formed at the 
most suitable distance ſrom the retina for the functions of that 
membrane to be brought into proper operation, so as to collect 
the necessary impressions for conveying the intelligence to the 
sensorium, through the medium of the optic nerves, it is highly 
probable that distinct vision will be formed. 

The Chairman said, that Mr. Hunt did not deny that an 
image was formed, but only that it was visible to others. Mr. 
Hunt's image was very like that which Mr. Sturgeon pee of 
as being formed in the air. It was essential to the well acting 
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of the telescope ; but no one except the person looking could 
see it. 


Mr. Sturgeon said that the eye in that case would be the 
exact position of thejoptic nerve,with respect to the image in 
the vitrious humour. 


Mr. Hunt said, he had never heard any intelligent person 
deny the formation of the image as presented to the dead eye, 
but still he held that it was not by means of a coloured image, 
supposing there were one ; he did not believe that was necessary 
to vision, so far as the brain was concerned ; but the impression 
conveyed by light to the retina was thence conveyed by the 
optic nerve to the brain, and this caused vision. No one would 
say, that the image itself was actually conveyed to the brain. 
Mr. Sturgeon would not surely say, that the different colours 
were conveyed by the optic nerve into the brain; but rather 
that the nerve had some particular action which conveyed the 
impression to the] brain, and so“ rendered it conscious of the 
image upon the retina. If the optic nerve had this power, 
another nerve might have the power:to receive the impression, 
and convey it forward. , If the retina were an opaque white struc- 
ture, all those different objects would be represented upon it as 
in the camera obscura. 


Dr. Black was exceedingly indebted to Mr. Hunt for his 
interesting lecture and statements. He thought some difference 
of opinion might arise from the different meanings attached to 
words and ideas. Though there might not be a distinct picture 
in colours imprinted on the retina, there must be that arrange- 
ment of the impression of light, which gave the sensation of 
colour. There was no doubt (whether light were material ora 
mere undulation), that there must be upon the concave surface 
of the retina, the impressions of these different foct of the un- 
dulations sufficient to give a picture, which is either seen di- 
rectly by the sensorium, or else was conveyed to it mediately. 
One fact might give the idea that it was a distinct picture im- 
printed on the retina, independently of the fact of its being 
seen upon it ; as he had frequently seen in dissecting the dead 
eye. en we look at an object very intensely for some time, 
and then withdraw our eyes, the picture is still visible for a 
short time ; and the impression or the image remains for a con- 
siderable time upon the retina of the sensorium, as we see in 
the case of a lighted brand thrown round very quickly ina 
circle ; we see no intervals, but it appears to be a perfect circle 
of light. And upon this idea a philosophical toy had been 
constructed representing figures in motion ; and to the eye they 
appeared to be in motion ; thus showing, that the image had 
been impr2ssed upon the retina for a short period, and not im- 
mediately removed. So, looking at a strong light, as that of 
the sun, if we withdrew our eyes, we had for a short time 
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afterwards an image of the sun visible to us. It was the opi- 
nion of many, and of him selfamongst the number, that a very 
strong impression was left upon the retina, whether in colour 
or not he would not say, but at any rate the impression of light 
was very strong for atime. There was considerable modifica- 
tion of the eye in different animals. The eye of birds did not 
differ from the human eye so much in the lens as in the form 
of the sclerotic coat, or outward shell of the eye. It was not 
so compressible in front, and perhaps was so adapted by mature 
to creatures flying through trees and bushes, and therefore re- 
quiring greater protection to the tender internal parts than we 
did. In the eyes of fish the lens was perfectly spherical, in 
order to obtain a greater degree of refraction; because the sur- 
rounding medium of water was nearly of the same density a3 
the water in the interior chamber of the eye, and consequently 


there could be no refraction there. The very great spherisity _ 


compensates for the want of the cornea. The eyes of amphi- 
bious fish, the cetacee for instance, and various kinds of whales, 
were adapted to see both in and out of the water, in two dif- 
ferent media. There were various other adaptations of the 
eyes of rapacious animals, to the purposes of vision; but to 
notice these would occupy too great a length of time. 

The Chairman said the time was now expired, and he hoped 
that another opportunity would occur for renewing the discus- 
sion.— (Applause. ) 


GEOLOGICAL SOCIETY. 
Paper read Feb. 26, 1840. 


On the characters of the Fossil Trees lately discovered near Man- 
chester, on the line of the Manchester and Bolton Railway; 
and on the formation of Coal by gradual subsidence. By JOHN 
Eppowes Bowman, Esq., F.L.S., communicated by the Fre- 
sident. 


. The paper commences with a few preliminary remarks on the 
theory of repeated subsidences of the land during the carbon- 
ferous æra ; and on the drift theory, the author being of opinion 
that the former receives much support from the phenomena 
presented by the fossil trees found near Manchester, and that it 
affords in return great assistance in explaining the peculiarities 
of their position. Mr. Bowman does not deny that plants ™4Y 
have been carried into the water from neighbouring lands, 48 in 
the instances of fern-fronds and other remains scattered throug 

the sandstones and shales ; but he conceives it is difficult to 
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understand whence the vast masses of vegetables necessary to 
form thick seams of coal could have been deri ved, if drifted ; 
and how they could have been sunk tothe bottom, without 
being intermixed with the earthy sediment which was slowly 
deposited upon them. He is of opinion also, that without a 
superincumbent layer of mud or sand, to retain the hydrogen 
during the process of bituminization, ordinary caking coal could 
not have been formed. Another difficulty, connected with the 
drift theory, Mr. Bowman says, is the uniformity of the distri- 
bution of the vegetable matter, throughout such great areas as 
those occupied by the seams of coal, extending in the instance 
of the lower main seam of the great northern coal field, over at 
least 200 square miles; and in that of a thin seam below the 
gannister, or rabbit coal, in a linear direction of thirty-five miles 
from Whaley Bridge to Blackburn. On the contrary, he be- 
lieves that it is much more rational to suppose, that the coal has 
been formed from plants, which grew on the areas now occupied 
by the seams,—that each successive race of vegetation was 
gradually submerged beneath the level of the water, and covered 
up by sediment, which accumulated till it formed another dry 
surface for the growth of another series of trees and plants,— 
and that these submergences and accumulations ‘took place as 
many times as there are seams of coal. He also 1 the 
thinning out of the seams and other strata of the coal mea- 
sures, by irregularities in the mode or extent of the depres- 
sions. 

Mr. Bowman then proceeds to the examination of the phe- 
nomena presented by the fossil trees discovered on the line 
of the Manchester and Bolton Railway, and described by Mr. 
Hawkshaw in his paper read on the 5th of June, 1839, 
and in a preceding communication; it will be necessary 
to notice therefore only those points which did not elaim that 
gentleman's more particular attention. Mr. Hawkshaw de- 
scribes generally the markings on the internal casts of the 
trees ; but as it is difficult to convey a correct notion of their 
waved and anastomosing characters either verbally or by re- 
duced drawings, Mr. Bowman applied paper to the surface 
of the stems and carefylly iced the grooves or furrows by 
following them exactly with an instrument. The only indi- 
cations of scars, which he could find after a long and close 
search were at one point near the base of the largest tree, 
and though indistinct, his practised eye recognized them to be 
those of a Sigillaria. He detected also in some parts, on the 
ribs of the same tree, the fine wavy lines so often visible on 
decorticated specimens of that family. In describing the 
second tree, he alludes to a deep wedge-shaped rift on the 
south-east side, which had been coated with coal, and is strongly 


+ 
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marked with wavy lines, like those on the surface of the albur- 
num of a gnarled oak. On the fifth tree, he discovered a longi- 
tudinal concavity on the north side, and he states that it resem- 
bles the impression which would be left in a dicotyledonous 
tree, by the pressure of a parasitic plant. The characters of 
the roots are also detailed at considerable length, particularly 
rid mode of bifurcation, and position with respect to the 
orizon. 


From a careful consideration of the phenomena presented by 
the fossils, Mr. Bowman is convinced that they stand where they 
originally flourished ; that they were not succulent, but dico- 
tyledonous, hard-wooded forest trees; and that their gigantic 
roots were manifestly adapted for taking firm hold of the soil, 
and in conjunction with the swollen base of the trunks to sup- 
port a solid tree of large dimensions with a spreading top. 


Towards the close of 1838, in forming the railway tunnel at 
Claycross, five miles south of Chesterfield, a number of fossil 
trees were found, standing at right angles to the plane of the 
strata. The tunnel passes through the middle portion of the 
Derbyshire coal measures, which there dip about 8° to a little 
north ofeast. The bases of the trees rested upon a seam of coal 
fifteen inches thick. The exterior of the stems consisted of a thin 
film of bright coal, furrowed and marked like the Sigillari reni- 
formis ; and the interior consisted of a fine-grained sandstone. 
Mr. Conway, who supplied Mr. Bowman with an account of the 
discovery, infers, from the information which he obtained, 
that there must have been at least forty trees found, and 
judging by the area excavated, he is of opinion that they 
could not have stood more than three or four feet apart. 
There were no traces. of roots, the stems disappearing at the 
point of contact with the coal. Several specimens of Stigmaria 
ficoides were alsonoticed by Mr. Conway, lying horizontally, 
and about three feet in length. 


With reference to fossil trees in general, and especially to 
those near Manchester, Mr. Bowman proceeds to show still 
further: Ist, that they were solid, hard-wooded, timber trees, 
in opposition to the common opinion that they were soft or 
hollow; 2nd, that they originally grew and died where they 
were found, and consequently were not drifted from distant 
lands; and Srd, that they became hollow by the decay of 
their wood, from natural causes, similar to those still in ope- 
ration in tropical climates, and were afterwards filled with 
inorganic matter, precipitated from water. 


1. In stating his reasons for believing that the coal measures 
casts were solid timber trees, Mr. Bowman alludes to the rafting 
of the bark of modern forest trees, in consequence of the ex- 
pansion caused by the annual addition of a layer of woo d be- 
tween the bark and the alburnum; and to the thickening or 
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swelling of the base of the trunk and main roots, and the ap- 
parent lifting up of the latter out of the soil, in old trees, by 
the greater annual increase of the upper part or that nearest to 
light and heat. These phenomena in vegetation were illustrated 
by a diagram, which exhibited the form of the base of the stem 
and the root of a sapling, and of a full-grown tree. The author, 
m applying these characters to the fossils of the Manchester and 
Bolton Railway, alludes to the irregular, longitudinal and dis- 
Continuous or anastomosing furrows on their surface, to the 
swelling out at the base of their stems, and to the divergence 
as well as the angle of dip or downward direction of their roots. 
These characters, he says, are not observable in soft monocoty- 
leclonous trees, their stems never expanded laterally, and being 
as thick when only a few years old and a foot high, as when 
they attain the height of 60 or 100 feet. The roots also, instead 
of being massive and forking, generally present a dense assem- 
blage of straight succulent fibres, like those of an onion or hya- 
cinth. Analogy, therefore, as far as outward shape and habit 
are concerned, he adds, is strongly in favour of the fossils having 
been solid timber trees. l 

Mr. Bowman then combats the view, generally entertained, 
that fossil stems with perpendicular furrows, as in the Sigillaria, 
were succulent or hollow plants.“ He states, that good speci- 
mens of decorticated Sigiliaria exhibit fine straight, and curled 
or gnarled striæ, similar to those on the alburnum of many 
modern forest trees; and that this character, in conjunction 
with others, renders it almost certain that the fossils had a se- 
parate bark,—a feature which is considered in vegetable physi- 
ology to bea proof of a woody structure. He also alludes to 
the existence in many of the decorticated parts of these fossil 
trees of little prominences like those in barked timber ; like- 
wise to the scars left by the disarticulation of leaves: and he 
accounts for the general absence of the latter on large and old 
trunks by their having been obliterated, in consequence of 
irregular expansion from the deposition of new layers of wood ; 
he notices moreover the absence in small Sigillaria of the irre- 
gular furrows observed on large specimens, and due in his opi- 
nion to the unequal expansion by the addition of new layers of 
wool. In support of these proofs of the original solid nature of 
the trees, Mr. Bowman exhibited polished slices mounted upon’ 
glass of portions of a similar fossil tree discovered in ae a 
shaft 300 or 400 yards N.W. of those found on the line of the 
railway. The slices were made from a portion which exhibited 


© Specimens of recent dicotyledonous wood from New Zealand, lent to 

the author by Mr. R. Brown, were exhibited on the table of the Meeting 

They displayed both upon the bark and the naked wood, longitu- 

dinal ribs and intermediate furrows as regular as those on Sigillaria; and 

therefore prove that these characters are not incompatible with a dicotyle- 
domous structure. 
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within the carbonized bark a patch browner, heavier, and more 
compact than the rest. In these slices, made under Mr. R. 
Brown’s direction, that gentleman discovered in the transverse 
section, the uniformity of vascularity which is evidence of the 
coniferous structure ; and in the longitudinal section parallel to 
the medullary rays, the existence of these raye. The slices 
therefore exhibit proofs of discotyledonous structure, and con- 
siderable probability of that structure being coniferous. The 
important evidence, however, of coniferous structure deducible 
from discs in sections parallel to the rays, was not obtained, the 
vessels having apparently undergone some alteration. 


2. With respect to the second point, that the trees grew and 
died on the spots were they are now found, and that they were 
not drifted from distant lands, Mr. Bowman says, the argu- 
ments in favour of the formation of beds of coal by a series of 
subsidences of the surface on which the vegetables that produced 
the coal grew, naturally lead to the inference that the trees as- 
sociated with the coal also flourished on the same spots. In op- 
position to the opinion that trees would naturally float in an 
upright position in consequence of the greater specific gravity 
of the base and roots, he asserts, that the trees would maintain 
that position only as long as they floated, and that they would 
fall and lie prostrate when grounded on shoals or cast ashore. 
He agrees with Mr. Hawkshaw in the opinion, that it is more 
difficult to account for a number of great trunks being deposited 
in the position of the fossils in the Manchester Railway, than 
to imagine. that they grew on the surface of the bed on 
which they now stand. Their position on a bed of coal is 
another proof, Mr. Bowman conceives, that the trees were 
not drifted, for if they had been transported by currents of 
water they might equally have been imbedded in the alternating 
shales or sandstones. If beds of coal are the accumulated 
remains of many generations of a luxuriant vegetation, the rich 
compost thus formed, Mr. Bowman argues, would be well suited 
for the growth of trees. Again, the angle at which the roots of 
the fossil trees, particularly of that distinguished by him as No. 
2, dip towards the bed of coal, is considered by the author evi- 
dence of the trees being in their original position, because, ha 
they been drifted, the roots would have been bent upwards, by 
the downward pressure of the trunk, when the water had left 
them. The appearance of the roots being cut off, where in contact 
with the coal, he is of opinion, may be explained by the fer- 
mentative process having dissolved the vegetable texture below 
the surface. The stems and upper portions of the roots stand- 
ing above the coal, he explains by reference to similar pheno- 
mena in peat marshes, in which the bases of the trunks of an- 
cient forest trees stand with the roots exposed, owing to the 
shrinking of the surrounding peat. i 


3. In discussing the third point, that the trees became hollow 
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from the decay of their wood, and were filled with sedimentary 
matter after their immersion, Mr. Bowman refers to the facts 
recorded in the preceding paper by Mr. Hawkshaw (see vol. 
xvii. p. 54,); and in confirmation of them states, that Mr. 
Schomburgk during his four years’ travels in Surinam repeat- 
edly observed similar phenomena, Mr. Bowman then proceeds 
to explain the processes by which he conceives the fossil trees 
were gradually submerged—their upper branches torn off, their 
interior removed by natural decay,—their bark converted into 
coal,—their central cavities filled with sediment ; and the whole 
buried beneath the stratum of shale or sandstone in which 
the trees were discovered. He afterwards applies the phe- 
nomena which he believes these processes produced to the 
condition and position of the trees, and the arrangement of 
the surrounding sedimentary matter. The author then enters 
into the inquiries,—Ist, the time which the trees may have 
required to attain their dimensions ; and consequently the 
minimum of years requisite for the accumulation of the 
vegetable matter; and, 2ndly, what thickness of vegetable 
matter was necessary to form the stratum of coal nine inches 
thick, over which the trees stand. Mr. Schomburgk is 
of opinion that a dicotyledonous tree which would require 
in temperate climates one hundred years to attain a certain 
diameter, would arrive at the same dimensions within the 
tropics in sixty or eighty years. The largest of the fossil 
trees forming the immediate subject of the paper is equal in 
circumference to an oak of 130 years growth in this climate, 
or about 100 for a climate equal in temperature to that of the 
tropics. ee therefore that some time elapsed after the 
commencement of vegetation on the surface of the then dry 
land before the trees began to grow, Mr. Bowman infers, that 
100 years must be the minimum of time which would be re- 
uired for the production of the vegetable matter out of which 
the nine inches of coal were produced. With respect to the 
depth of the stratum of vegetable matter from which it was 
formed, Mr. Bowman takes for his data, the thickness of the 
bed of coal, nine inches ; the distance between the top of the 
seam and the bottom of the trunk under the arch formed by 
the roots, fifteen inches; and for the distance to the surface of 
the ground, four inches, or in all twenty-eight inches ; whereby 
he infers that the thickness of the solid coal is equal to about 
one-third that of the vegetable matter out of which it was 
produced. 


ELEMENTARY LECTURES ON ELECTRICITY. 
LECTURE VI. 


Having shown the structure and operation of the electro- 
phorus, it will next be necessary to examine the various parts of 
that apparatus, in order to ascertain their electric conditions: 
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but before I proceed in that undertaking, I will endeavour to 
make you acquainted with another kind of electroscope, which 
is capable of indicating a much feebler electric force than that we 
have hitherto employed. It is the invention of the Rev. Abraham 
Bennet, M. A., who in the year 1786, gave the following descrip- 
tion of it :— 


“This electrometer consists of two slips of gold leaf, suspended 
in a glass. The foot may be made of wood or metal: the cap 
of metal. The cap is made flat on the top, that plates, books, 
evaporating water, or other things to be electrified, may be con- 
veniently placed upon it. The cap is about an inch wider in 
diameter than the glass ; and its rim about three-quarters of an 
inch broad, which hangs parallel to the glass to turn off the rain 
and keep it sufficiently insulated. Within this is another circu- 
Jar rim, about half as broad as the other, which is lined with 
silk velvet, and fits close on the outside of the glass: thus the 
cap fits well, and may easily be taken off to repair any accident 
happening to the leaf gold. Within this is a tin tube, hanging 
from the centre of the cap, somewhat longer than the depth of 
the inner rim. In the tube a small peg is placed, and may be 
occasionally taken out. To the peg which is made round at one 
end and flat at the other, two slips of gold leaf are fastened with 
paste, gum water, or varnish. These slips, suspended by the 
peg, and that in the tube fast to the centre of the cap, hang in 
the middle of the glass, about three inches long, and a quarter of 
an inch broad. In one side of the cap there is a small tube, to 
ers wires in. It is evident, that without the glass the gold 
eaf would be so agitated by the least motion of the air, that it 
would be useless: and if the electricity should be communicated 
to the surface of the glass, it would interfere with the repulsion 
of the gold leaf: therefore two long pieces of tin foil are fastened 
with varnish to the two opposite sides of the internal surface of 
the glass, where the gold leaf may be expected to strike, and in 
connexion with the foot. The upper end of the glass is covered 
and lined with sealing wax as low as the outermost rim, to make 
its insulation more perfect.” 


Figure 5 is a representation of Ben- Fig. 5 
net's electroscope, c. c. being the glass 
cylinder, r. r. the wooded foot, and B. B. 
the cap. The gold leaves are repre- 
sented divergent, as when under an 
electric mfluence. A short brass wire 
is usually screwed into the hole in the 
cap of the instrument, having its upper 
extremity finely pointed. A brass ball 
also screws on the top of the wire to 


coriceal the point, for some enquiries. 


Elementary Lectures on Electricity. 232 


The way to use Bennet’s gold leaf electroscope is similar to 
that we have pursued with the other: but it is better on all 
occasions when we want to communicate an electric action of 
some duration, to the instrument, to unscrew the ball from the 
vertical wire rising from the cap, and expose the point with 
which the wire terminates upwards. The point, in this case, 
receives the fluid from an electro-positive body presented to it, 
and gives off fluid to an electro-negative body. For instance, 
excite a tube of smooth glass by warm silk, and afterwards hold 
it over the point of the wire of the electroscope ; the gold leaves 
will immediately diverge, and will remain divergent after the 
tube is taken away ; and by testing the electric action left in 
the instrument, it is found to be positive. Now discharge this 
electric force by touching the point with a finger. It is very 
likely that the first touch of the finger is not sufficient to remove 
all the electric action from the electroscope, because it very often 
happens that a portion of the glass near to the cap becomes elec- 
trical ; and when this is the case, the glass being a bad conduc- 
tor, prevents any rapid movements of the electric fluid over its 
surface, so that whether positively or negatively electrical, time 
is required to equilibre its electric powers. 

When the gold leaves no longer open after the finger is re- 
moved from the point of the wire, screw on the brass ball, and 
the point will again be concealed, and its functions in facilitating 
the ingress and egress of the electric fluid entirely annihilated. 
Now present an excited glass tube to the ball of the electro- 
scope ; and you will observe that the gold leaves diverge as 
before: but if you immediately remove the tube from the 
instrument, the gold leaves will collapse and will bang together 
in as neutral a condition as if they had never been under an elec- 
trical influence. But if you permit the excited glass tube to 
remain for some time near to the ball of the electroscope,then on 
withdrawing it, the gold leaves will first collapse and afterwards 

with a negative electric action, which is of an opposite 
character to that of the tube which was presented to the cap of 
the electroscope. Hence you will perceive that the electric fluid 
can be driven out of the lower extremities of the gold leaves, by 
the repulsive action of the fluid superinduced on the surface of 
the glass tube, as decidedly as it was driven out of the asperities 
on the surface of the pith balls, in the former described electro- 
scope. The fine edges of the gold leaves also admit of the 
ingress of the electric fluid when the instrument becomes electro- 
polarized by the approximation of a negative stick of sealing 
wax to the ball, or to the cap of it. 

The late Mr. Singer, who was a very clever electrician, made 
avery great improvement in Bennet’s electroscope, which in 
its original condition was somewhat difficult to keep in order 
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Mr. Singer's improvement consists in passing the wire to Which 
the gold leaves are appended, through a glass tube about four 
inches long and much wider than the diameter of the wire: 
which is held fast in the axis of the tube by two bosses or coils 
of sewing silk wound round the wire at the distance of about 
three inches from one another. These coils of silk not only hold 
the wire steadily in the tube, but assist in insulating it froma the 
brass cap of the instrument. The insulation is still farther Per- 
fected by covering both the inner and outer surface of the tube 
with a good coat of lac varnish.* The glass tube is cemen 
into a brass ferrule, which has a thread cut on its outside for the 
purpose of screwing into the metallic cap. The wire of rie ae 
strument is generally surmounted with a brass disc whose p a 
is perpendicular to the axis of the wire. The electroscope th 
fitted up is represented by fig. 6 


Fig. 6. 


Having now described a very sensitive 
electroscope, we will next proceed with our 
experiments on the electrophorus, in combi- 
nation with it. Excite the electrophorus 
again, and place the cover on the resinous 
cake, taking care to have the glass handle 
of the tormer perfectly dry and warm, and 
the hand as far from the metal as you can, 
to prevent conducting connection. Now, 
without touching the cover with the finger 
as in our former experiments with this 
apparatus, lift up the cover from the cake, 


and apply it to the point in the cap of the gold leaf electroscope⸗ 
and you will find that it is slightly positive, owing to its Fe 
ceiving a small portion of the electric fluid from the atmospheres 
by the instrumentality of the asperities on its upper surface- 
If the cover be permitted to remain on the cake for a fe 
minutes, it will have acquired a considerable degree of positive 
electric action ; and by a still larger residence on the cake it 
will produce a spark. 


When you are perfectly satisfied that you have ascertained 
the electric condition of the cover when untouched by tbe 
finger, or by any conducting body that could convey to it a2 
electric action ; again place it on the resinous cake, and after 
wards touch it with your finger. You now experience a sx?" 
prickling sensation on that part of the finger which touch eh 
cover, in consequence of a spark passing from it to the core 
when at a short distance from it. Now take up the cover i 
its glass handle, and apply it to the electroscope. You see 


* Lac varnish is made by dissolving shell-lac, or seed-lac, in pi. of 
wine, in a phial, which is butter for being widenecked, to admit the br 2720 
freely. Š 


U 
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gold leaves diverge with great force, and would have absolutely 
struck the sides of the glass cylinder, had they not been too 
short to reach it. Now test this electric action which the cover 
has left in the electroscope, and you observe that it is of the 
positive kind, in confirmation of what I told you before in our 
last lecture; and for those reasons which I then mentioned, 
namely, the cover becomes electropolar by the action of the 
negatively excited resinous cake, having its negative pole on the 
upper surface; which surface receives a spark from your finger 
when presented to it, and thus becomes surcharged with fluid, 
most of which it retains whilst under the influence of the resi- 
nous cake, but is ready to part with it to the nearest conductor 
when removed from that situation. . 


Another method of testing the electric action of the cover is 
first to communicate some known electric force to the electro- 
scope, and afterwards bringing the cover over the cap. If the 
action communicated to the gold leaves be positive, they will 
diverge stil) further when the cover of the electrophorus is 
held over the cap of the electroscope ; but if the communicated 
electric action be of the negative kind, the gold leaves will col- 
lapse by the positive electric action of the cover when held over 
the cap of the instrument. By this latter method the kind ot 
electric action of the resinous cake may be ascertained, which is 
found to be negative. 


Having now examined the electric action of the various parts 
of the electrophorus, I will proceed to another beautiful appli- 
cation of the principle of electro-polarization in an instrument 
called the condensor; also an invention of the celebrated Volta. 
The condensor is usually appended to the double-leaf electro- 
scope last described. It consists of two metallic discs of about 
six inches diameter each; one of which is insulated by being 
supported by the glass cylinder of the electroscope, as at P, fig. 
7. The other plate S, of the condensor, is supported by a 


Fig. 7 


brass rod, which can be slided to and fro in a groove made for 


I 
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the purpose in the base-board B B. This piece of apparatus is 
used only in those investigations in which the electric action is 
very feeble, and in a manner which I will now point out. 


Bring the moveable plate S, into close contact with the plate 
P., and if the instrument be, properly made, the two plates 
will just cover each others inner surfaces, which ought to be 
perfectly vertical. Now separate the pai a little, by with- 
drawing the moveable one S, until you have an exceedingly thin 
pee of air between them. It is now obvious from what you 

ave before observed; that any electric action communicated to 
the cap of the electroscope would be partly transferred to the 
plate P, even if the plate S were not present. But now as the 
plate S is close to the plate P, which, by being connected with 
the ground, gives a greater facility for the polarization of the 
plate L: so that when a feeble positive electric action is communi- 
cated to the cap of the electroscope, an accumulation of the electric 
fluid will take place in the plate P, without its affecting the gold 
leaves; which would remain nearly neutral. But if we now with- 
draw the plate S from the vicinity of the plate P, the polarization 
ceases, and the fluid which rested, principally in the plate P, now 
becomes almost equally distributed over every metallic part of the 
electroscope; and if the force is sufficiently powerful, the gold 
leaves will diverge. In many cases, however, aud indeed in all 
those in which the condensor can be much used to advantage, it 
requires several communications between the body under examina- 
tion and the cap of the electroscope, to convey a sufficient degree 
of electric force to diverge the gold leaves even in the least degree 
appreciable. 


Tt may now be necessary to say something further with respect 
to the terms positively electrical, and negatively electrical, bodies. 
These terms ought, in all cases, to be understood as implying the 
electrical condition of bodies relatively to the electric condition 
of other bodies, and in no other manner whatever. Let me en- 
deavour to give you an illustration of what I mean by the term 
relative. I will suppose that three metallic spheres, A, B, and C, 
of precisely the same diameter, uniformity of polish, &c. are insu- 
lated and placed en different parts of the table. I will communi- 
cate ten particles of the electric fluid to A, seven particles to B, 
and five particles toC. Now although the whole of these three 
bodies are positively electrical with regard to the surreunding 
group of bodies in the room, they are, in reality, in different elec- 
tric conditions with respect to each other. A, which has the 
quantity ten, is positively electric with respect to the other two; 
and C, which has unly the quantity five, is negatively electrical 
with respect to both A and B. And, for the very same reason, the 
body B is either positively or negatively electrical, accordingly as 
it is compared with C or A respectively. This is obviously a pro- 
minent case, and may very easily be oomprehended. But there 
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are others, which I shall shortly have to notice, wherein the differ- 
ence of the electrical condition of bodies 1s not so easily illustrated 
independently of direct experiment. I shall presently have to 
show you that two distinct metallic bodies in their natural electrt- 
cal condition, are very far from being in one and the same electrical 
condition: and I will further observe, in this place, nat, not only 
are the various substances constituting the body of the earth in 
different relative electrical conditions : but that, different parts of 
the same body are also differently electrical. 


I have long entertained this view of the electrical condition of 
bodies when surrounded by equable electrical pressures, or when 
they are in, what Franklin called, their natural electric states: and 
I will lead you through a series of experiments, as we proceed in 
these lectures, that will prove to you that this view is a correct 
one, as far, at least, as those bodies on which we: operate, are capa- 


ble of rendering us the necessary information. 


We will now proceed to an experiment which will not produce 
very satisfactory results, unless we avail oursevles of the advan- 
tages afforded by the condenser. We will take two metallic discs, 
one of which is copper and the other zinc; they may be about six 
inches diameter, and each furnished with a glass handle in manner 
of the cover of the electrophorus ; and their opposite sides should 
be perfectly flat, so that when placed together, as shown in fig. 8, 
those surfaces may bein contact through- 2 C ig. 8 
out. Let us now bring the moveable 
plate S, of the condenser, into contact 
with the fixed plate P, fig. 7, and after- 
wards separate them a little, so that we 
can just sce between them, and no more: 
which is best done by having a sheet of 
white paper lying on the table on the 
opposite side of the electroscope to that 
on which you are standing. We have 
now an exceedingly thin plate of air between the two plates of the 
condenser, which will afford great facility for their polarization by 
a feeble electric force. 


The electroscope with its condensor, and the zinc and copper 
with their dry and warm handles being now ready we wi 
proceed to the experiment, which is to show that the zinc and 
copper, though each in its natural electric condition, are not in 
one and the same electric condition: but that the copper is 
positively electrical with respect to the zinc, and that by their 
simple contact alone, the copper will communicate to the zinc 
a portion of its natural share of the electric fluid, so that the 
zinc shall become positively electrical and the copper negatively 
electrical; not only with regard to each other, but with regard 


to all surrounding bodies which are in their natural electric 


ZC 


* 
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I now place the copper plate upon the palm of my left hand 
with its smooth flat face upwards ; and with my right I take 
up the zinc plate by its glass handle, and place it on the face of 
the copper one. I now separate the plates suddenly, and touch 
the cap of the electroscope with the zinc one, by which means 
I communicate a feeble electric force tothe instrument. I bring 
the plate into contact with the copper one as before, and agaiD 
separate them suddenly and communicate another portion of 
electric force to the electroscope: and by proceeding in this 
manner for about half a dozen times, I lay down the two discs 
and withdraw the plate S of the condensor and the gold leaves 
immediately diverge ; in consequence of the electric fluid which 
was condensed in the plate P, whilst the plate S was close to it, 
being now nearly equally distributed over the whole of the 
metal in connexion with P: and as the gold leaves are portions 
of that metal, they receive their portion of the electric action 
and are repelled from each other accordingly. 


Our next business is to ascertain what kind of electric action 
is possessed by the electroscope, and it is found to be positive, 
whether we test it by a negatively or by a positively electrised 
body. I am very anxious that the facts which this experiment 
develope should be very well understood ; because I am well 
aware that many persons fail in producing any electric action 
whatever by these means, and others absolutely doubt the fact 
altogether. It was first shown by the celebrated M. Volta, and 
was the foundation of all that sound philosophical train of rea- 
soning which led that eminent electrician to the invention and 
formation of the most formidable source of electric action that 
has hitherto been placed in the hands of philosophers, vis., the 
Voltaic battery, an implement of research which so justly 
bears his name, and by which the most important discoveries 
in this branch of science have been made. 


We will now vary the experiment by placing the zinc disc 
on the hand, and with the other taking hold of the glass 
handle of the copper disc. But we must first adjust the 
pe S of the condensor to its proper distance from the plate P. 

aving now brought the face of the copper disc into contact 
with the face of the zinc one, I again separate them quickly and 
touch the cap of the electroscope with the copper disc, and after 
repeating this operation a few times as before, we shall find that 
the gold leaves diverge as soon as the plate S is withdrawn from 
the | 85 P, and by testing in the usual way, we find that the 
gold leaves are negatively electric ; proving all that I said, be 
fore we performed the 5 respectirg the development 
of electricity by the simple contact of metals: and that they are, 
naturally, in different electric states. It is in the investigation 
of these beautiful electrical niceties that we discover the superior 
penetrating genious of the genuine electrician, and distinguish 
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the philosopher from the mere iterant experimenter. The word 
VOLTA, will ever remain associated with the electrophorous, the 
condenser, and the famous battery which bears his illustrious 
name: and will be venerated by the electrician till this beautiful 
branch of science shall cease to be known. 


When an electroscope is not furnished with a permanent con- 
denser, the open hand held near the cap of the instrument will 
answer very well for many purposes. In this position the hand 
becomes a substitute for the uninsulated plate, and the flat 
horizontal disc which is insulated by the glass tube, in Singer’s 
improved electroscope, forms the other. I will now show you 
an experiment which will convince you of the usefulness of the 
hand in this capacity. ` 

I will take the cover of the electrophorous by its glass handle, 
and give the metallic disc a gentle rub on the table cloth or on 
the sleeve of my coat ; and whilst the other hand is held over 
the insulated disc of the electroscope I will touch that disc with 
the excited cover of the electrophorous, and immediately take 
it away again. The communicated electric action is very feeble, 
and the gold leaves will scarcely diverge: but now, that I take 
away my hand, you will observe that they separate to a consi- 
derable extent. This is precisely the result that we should 
obtain were we to use the metallic condensor: and in those 
delicate cases where the electric action is too feeble to deflect 
the gold leaves by one single contact of the excited body, we 
have only to repeat these feeble units of electric force, fora few 
times, us in the experiment with Volta's copper and zinc discs, 
and the sum of the feeble electric increments of force, collected 
whilst the hand is present, will be sufficient to diverge the gold 
leaves when it is withdrawn from the vicinity of the insulated 
disc of the electroscope. If I stand ona stool with glass legs, 
or be insulated by any other means, my hand has still the same 
kind of influence, though in a less degree than when uninsulated. 


r There is another method of showing the influence of vicinal un- 
insulated bodies, which I will now point out to you. Let us com- 
municate, in the usual way, either kind of electric action to the 
electroscope whilst unfurnished with a condenser. The gold 
leaves diverge and remain divergent when the electrized body 
is withdrawn. I now bring my open hand over, and parallel 
to, the insulated disc of the electroscope. You will observe 
that the divergency lessens as my hand approaches the disc, 
and when it is sufficiently near the gold leaves collapse and hang 
together. But on withdrawing my hand gently, the divergency 
again commences, and gradually becomes greater till the hand 
is removed from the sphere of action, when the divergency is 
nearly the same as at first. Similar phenomena are produced 
by insulated plates of metal, though in a minor degree. 
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This is a beautiful experiment, and conveys a great deal of 
information which we ought to avail ourselves of in all those 
electroscopic inquiries in which the electric action is fo be 
tested, and the electric action of the testing body are of 
different degrees of tension. Let me give you an experi- 
ment in illustration. I excite a feeble electric action in 
Volta’s copper disc, by rubbing it against the sleeve of 
my coat, and I communicate a portion of this electric action to 
the electroscope, and the gold leaves are observed to diverge 
slightly. The electricity is negative. I now excite the tin 
plate of the electrophorus, to a considerable degree of power, 
by rubbing it on the fur side of a dry rabbit-skin; and it will 
be observed, when I bring this tin disc over the cap ot the 
electroscope, that thé divergency of its gold leaves increases 
to a great extent. Being satisfied with this result, let us now 
reverse the process, by first communicating a powerful electro- 
scopic action to the gold leaves, from the excited tin disc, and 
afterwards bringing the feebly excited copper plate over the face 
of the insulated disc of the electroscope. Now, although you 
are aware, by the former experiment, that both discs are in the 
same electric eondition, (negative) with reference to the unin- 
sulated group of things about the table, yet as they are positive 
and negative with regard to each other, the divergency of the 
gold leaves diminishes by the approach of the copper disc, which. 
is the less formidable electrized body of the two. Hence ex- 
perimenters unacquainted with this curtous fact would be aimost 
sure to be led into error from the indications afforded by the 
electroscope. And as this, I believe, is the first time that such 
a circumstance has appeared in print, it is highly probable that 
wrong conclusions may have been drawn by some of those who 
have studied these nice points of electric action. This interest- 
ing fact may be produced by one excited disc only,—the tin 
disc for instance. First, excite it on the fur to a considerable 
degree, and afterwards communicate a portion of its electric 
action to the electroscope. Again excite it very feebly, and 
then bring it over, and parallel to, the disc of the electroscope. 
The divergency of the gold leaves will diminish, and when the 
experiment is dexterously performed the divergency will be 
completely annihilated, until the feebly electrized plate be with- 
drawn from the vicinity of the other. 


ERRATUM TO LECTURE 5. 
Page 254, line 10, introduce “ produces similar effects.” 
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About two years ago I had the honour of lay ing before the 
Royal Society an experimental inquiry into some of the chemical 
changes which occur during the germination of seeds and the 
decomposition of vegetable matter. On the present occasion I 
purpose to confine myself to an extensive series of experiments 
which have reference to the presence of nitrogen, earths, and 
salts in vegetable compounds, with a view of direeting attention 
to the influence of nitrogen in the growth of vegetables. 

As my inquiry is purely experimental, I may premise that I 
have had recourse to the well-known method of ultimate analy- 
sis, and the equivalent numbers which I employ are, carbon 
6:12, hydrogen 1:0, oxygen 3-0, and nitrogen 14:0. That we 
may the more readily apply the proportionate quantity of nitro- 
gen to our immediate purpose, I shall make one column in each 
analysis, which will represent by weight the quantity of nitro- 
gen when compared with 1000 parts of carbon in the same 
compound. I also designate by the term residual those earthy 
and saline ingredients which are not decomposed during the 
analysis. In some of the experiments this residual may contain 


342 Experiments on Nitrogen in Vegetable Products 


a little foreign matter, for in preparing the different compounds 
for analysis 1 seldom had recourse to any process of abl as t10n, 
rather choosing to have a little foreign matter present, tham to 
remove any part of that which was more particularly the object 
of research. That I might also examine the compoun cis as 
nearly as possible in their natural state, I very rarely ex P 

them to a higher temperature than 100° Faur., inclosing t hem 
in very thin paper, and afterwards allowing them to acquire the 
hygrometric state of the atmosphere. 


The first series of ex pet 
ments to which I shall refer 
tends to show, that in that Pert 
of the seed where germination 
takes place nitrogen prepo un Ar- 
ates, when compared wit I 1 
quantity in the other part o£ The 
seed. This result is derived 
from the analysis of the germ 
and cotyledons of beans, H 
barley, wheat, &c.,,a large S 
cess of nitrogen being ira V &™'- 
ably indicated in the gerna - 


Thus, for instance, it ap P 
from the table of E that 
the germ of beans and conr- 
tain by weight about 200 pa 
of nitrogen for 1000 = 
carbon, while the cotyjed oT? 
contain only from about 1 00 *° 
140 parts. i 

A second series of ex P 
ments disposes me to thin”; 
that those seeds of the same j 
which contain the largest ques. é 
tity of nitrogen germinate th 
earliest. Barley of the gro W ol 
of 1835, containing 46 par 
nitrogen for 1000 of carbo 
germinated in thirty-six In the 
after being taken out of 
water in which it had DEC 
steeped ; whereas bag dl 5 
1837, and containing only in 
parts of nitrogen, steepec® 
water at the: cams time, sad 
kept under the same circa g- 
stances as the former, r6- 
nated in forty-eight he 


Nitr. 
for 1000 
Carb 

200 
140 
198 
104 

48 
25 
51 
39 


Total 
= 100 
02 = 100 


= 100 
100 
100 
100 


100 
= 100 


Resid. |Water. 
80 |45°8 


1 


Nitr. 


g 

So 
>, 
Lal 
O 


TABLE I. 


Ò 
= 
are 
E: 
8 
80 
* 


2 
2 
8 
2 
8 
g 


y garden peas........ 


f the garden bean... 
Cotyledons of ear] 
ina 
The other 


garden bean ......... 


$i 
35 
8 5 
pe 


i 


Germ of the 
Cotyledons o 


Germinat 


Germ of earl 
The othe 


46 


for 100 
Carb. 
35 


| 


Total. 


72°04 — 100 
54°30 = 100 


Water. 


Resid. 
1°30 
1°30 
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Nitr. 
2'02 
1'38; 


3°45 


% „ „ 20 


TABL II. 
Hydr. Oxygen. 


Carb. 
43°93 | O'I 


39:57 


eseen oo 
@esenne e808 oe 


of 1837. ... 


Barley of 1835 
ey 
Mustard seed 


Barl 


Similarly, I find that of 
© m © 9 Q r~ | the seeds, mustard, cress, 
~~ OO AS | rape, turnip, ae and 

: celery, those which con- 
S S 8 8 S 8 tain i largest quantity 
of nitrogen and residual, 
MNN germinate the earliest when 
Sto wn a 2Q | kept under equal circum- 
Do i + Ro | stances. It is necessary 
oo Sm oo © 9 | to state, that in these ana- 
z lyses the seeds were ex- 
DPO m = dO | amined in the mass. 
Sere The chemical constitu- 
P a e | tion of the rootlets of seeds 
3 o O o | before the plumula extends 
3% MOR f the whole length of the 
>: : : : : | seeds, as in the instance of 
: : : i ° | malted barley, differs from 
:::: : | that of the malt, and also 
i > from the constitution of the 
S wig S | barley in its original state. 
R= 5H Oa | In these we have the root- 
lets containing a large 
onega | quantity of nitrogen at a 
82882 8 period when they will 
— l haue to perform important 


offices in preparing the 
* i i : | food for the young plant. 
: . : | That there is a similar dif- 
: : | ference between the chemi- 
: : | cal constitution of the roots 
and trunks of trees will 
abundantly appear from 
the annexed Table. And 
I may also add, that my 
experiments dispose me to 
infer that the quantity of 
nitrogen is largest in the 
spring,and diminishes with 
e season. 


@eeneee 
eee 


Turnip seed 


Celer n 


Cress seed ......... 
Rape seed 


Radish ... 


es — — — — ũ — k a 
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But not only is the 
23 [QQS on O x Kl nitrogen more abun- 
— a D ws p= i p — PS 
2 88 = dant in the roots of 
8 E plants and trees: the 

8 S S8 8888S SSS] residual also, When 

ae quantityin thetruam Ks, 

EB [SSD o m oj willbe fondin €x- 

2 <+ nm Rat HOV arg > 

> 8 8888 8 „ 

N ow if we | 

3 | wmenancoogc +! the principle, that ni- 

— PETRE TL rera 1! trogen is a pwerfu 

= agent in favouring 

i i ua pon 

8 O . & t- m h N . CO in O chemical action E 
2 E . „ Sl vegetable and am er 
F matter, and that * ‘al 

8 no ime È» fey I I| residual is essentia 

80 ; e T e „ AR ` Eer- 

1 Com iog foi ia i if to the healthy soe 

ò ; 2 If formance of 5 

= Sf Se Es : : function of the ie > 
— = : = : 5 = : 8 as well as every Of n 
10 * JJ ee ee part of the plan c. An 
= forms, as it were, & 
5 SFS SFS eton 
a SUS GRR Se Most perfect 5 

oO CQ A H SH ee Et of the whole; we hat 

pa J ee eee in these roots t 75 
: i 2 : 2 A : x 8 7 which will fave. 
: | aa 1 2 8 2 such action in ara scape 
Pi SESE DS | nent degree w he 

= $a “v — . * 

1522 2 388 322 2 compared with t 

08 3 2 a S . P ree. 

S 229 2% 8.2 other part of the t 

35 ee oS lead- 
9 Mest 2 EH It would be 5 

a puei . * - 

2 3 2 2 vS 8 E g 5| ingus into other es 
3 5 9 PES ZS jects more exte¥? 
JEES E E „ SES be- 
SS g si oF 35 2S] than the one now to 
8 c 2 S e] fore us, if I were i 
S STS S ES int treat Pe 
SEB % eau ss os] the chemical ac by 
ses ou aS Oe 3 which takes plac he 
“8H St O ea coe oe Of th as oe 

PER 52 35 82.8 8 e agency Aids 
2 2.2 8 8 8 8 5 sac roots, the comp the 
5 2.5 2 21 formed thereb 
O m m E a a o O a t a y>» by 


heat produced 11 be 


such action, the arrangement of the residual, &c. It wi 


211; 
Nole.— The apple, plum, and cherry- trees were all of them very sr atase 
they had been in the ground several years, and had been rooted up bere gen 


A m 
of their general unhealthiness. In a healthy state of the trees the ni € * 
of the root is in a larger proportion. 
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sufficient, that in following up this part of the inquiry, we state 
as the result of experiment, that the sap wood is very differently 
constituted from the more perfect part, the heart wood, an excess 
of nitrogen being invariably found in the former. 

ee 


— ä — 2 
=e It will be unne- 
s24 nano SERNA AE cessary for me to 
2 E suy that the sap 
Ta eoess cesses S S wood more readily 
2 522222828222 passes into a state 
eT Tay Ahn OL ee Herz 
: Ko 3 - 
5 lot SSeS RSS FS again the nitrogen 
2 ST TITAN D i 
2 38823 88888888 and the residual 
cs a ee being present in 
2 oo © tës] 
è 2828808 Ro the former than in 
the latter, we have 
8 8 0 82 them exerting their 
ae oe influence as promo- 


ters of decomposi- 
tion. 


We have also the 
greatest quantities 
of nitrogen and re- 
sidual in thosetim- 
bers which grow 
the quickest : and 
further than this ; 
for directly as the 
quantity of nitro- 
gen and residual 
taken collectively, 
so do we appear 
to have the decay 
of timber, all other 
circumstances be- 
ing equal. The fol- 
lowing is the ana- 
lysis of several 
kinds of timber 
which favour this 
inference. 
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Thus, for instance, the nitrogen in the satin wood may be 
considered almost inappreciable; and the same may be said of 
the residual in the Malabar teak, the nitrogen being also small 
in this timber. In Dantzic and English oak the quantity of 


nitrogen and residual are both very small. In American birch 
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the nitrogen and 
residual arein large 
quantities, and, as 
is well known, this 
timber decays very 
quickly. 

But it is not 
enough for us to 
find a difference 
in the proportion- 
ate quantity of ni- 
trogen in the dif- 
ferent parts of the 
same plant or tree; 
we must also ob- 
serve that thequan- 
tity appears to be 
proportional to the 
functions which the 
parts of the plants 
have to perſorm in 
vegetation. For 
instance, if the a- 
gency of any part 
of the plant be 
great inthe scale 
of vegetable physi- 
ology, so is the 
quantity of nitro- 

en, and vice versa. 

o apparent is this, 
and so universal is 
the operation ofthis 
law over the whole 
sphere of inquiry 
in which I have 
been engaged, that 
we might almost 
consider this ele- 
ment, when cou- 
pled with the re- 


sidual, to be the moving agent, acting under the influence of 
the living principle* of the plant, and moulding into shape the 
other elements. We have this beautifully instanced in the 
chemical constitution of the different parts of wheat, barley, oats, 


common grass, turnips, cabbages, carrots, 


potatoes, &c., found 


by subjecting their various parts to analysis of different periods 


of their growth (See Table VI.). 


For by thus subjecting the 


e What is “ the living principle.“? Epit. 
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different parts of the same plant to analysis at different periods 
of growth, we acquire meh valuable information upon vegeta- 
tion generally, and respecting the influence of nitrogen and 
residual in particular. 
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There appear indeed to be various chemical actions taking 
lace, in ash these two elements are evidently concerned, viz. 
in the preparation of the food of the plants by the roots, and in 
combining this food with the other elements and fitting the 
whole to the various purposes ot the plants. 
Throughout the whole course of my experimental inquiry, I 


have not met with one instance wherein we have a large propor- 
tion of nitrogen and residual, that we have not violent 3 
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action and quick growth of the plants, all other circumstances 
being favourable. 


By analysing the leaves of trees we may throw further light 
upon the operation of nitrogen. Of the almost numberless 
vegetables which cover the face of the earth, there are very few, 
if any, whose growth and produce afford us more information 
upon the chemical changes which occur during the growth of 
plants and the decomposition of vegetable matter than the vine. 
Its abundant flow of sap in the spring yields us a most important 
product for determing its food. Its foliage furnishes us with a 
plentiful supply of leaves for examination at different seasons: 
and by allowing these leaves sometimes to remain on the trees 
until they are very abundant, and then removing a considerable 
portion thereof, leaving the rest to grow, we have at intervals 
of very few days an opportunity of chemically examining this 
very important and indispensable part of vegetable production 
under very different circumstances. By carefully dissecting 
these leaves, we are enabled to discover by analysis important 
changes produced in very few hours. From the proneness on 
the part of these leaves to pass into decomposition, at favourable 
temperatures, we have a feature brought before us which claims 
our best attention. And we have the fruit of this plant afford- 
ing us, in its conversion into wine and other substances, an op- 
portunity of examining into many important chemical changes, 
and I may add, of making the accuracy of many popular 
theories more than questionable. 


The vines which more generally afforded me materials for 
examination are those which produce the white and black sweet- 
water grapes. They are in the open air, and are nailed to the 
south side of a brick wall. A series of experiments upon the 
leaves of these vines are given in Table VII., showing ina 
striking manner that nitrogen is in large quantities when they 
first make their appearance ; that as they are developed, it de- 
creases in proportionate quantity ; that it is in excess during 
the period of their most rapid growth; and that towards the 
close of the year it is comparatively small. 
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Wich a view of ascertaining 
2 | whether or not these peculi- 
arities in the chemical consti- 
tution of the leaves of plants 
‘and trees were universal, I 
have had recourse to extensive 
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Without adding to the 
number of experiments al- 
ready furnished, I would ob- 
serve, that I have not analy- 
sed any product in a natu- 
ral state wherein I have not 
found both nitrogen and re- 
sidual; and, of the great 
number that I have subjected 
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vegetable decomposition to which I have already referred. 
Respecting the mode of determining the quantity of nitrogen, 2 
very brief account of the plan which I have adopted is given in 
the Philosophical Magazine for January last ; and by combining 
these two methods of ultimate analysis, I am enabled, in reca- 
pitulation, to detect very minute errors, and therefore to speak 
with certainty as to the accuracy and value of every experiment. 


@ 
ROYAL VICTORTA GALLERY OF PRACTICAL SCIENCE, 
MANCHESTER. 


— — — — 


CONVERSAZIONE, JANUARY 30TH, 1841. 


ALFRED Brnyon, Esq., in the Chair. 


On the Improvement of the Mersey and Irwell Navigation. 


The Chairman, in opening the proceedings, said he hoped only 
to occupy the chair for a very few moments, as they were expect- 
ing the attendance of several civil engineers and other gentlemen 
much better acquainted with the subject of the evening's discussion 
than himself; and he should therefore be happy to vacate the chair 
as soon as he saw them enter the room. He then read the notice 
of the meeting. 


Mr. Thomas Ogden Lingard, agent to the Mersey and Irwell 
Navigation Company, who had consented to explain the object and 
advantage of the projected improvements, then stated, that he had 
undertaken to explain the subject merely from a wish to satisfy the 
members. He wished it to be understood, that any observations 
he might make were entirely unconnected with the company which 
he was agent for. The opinions cf the committee of the company, 
and of every individual proprietor, he believed, were as various as 
those held by the publtc at large. However, it was a subject in 
which he had taken a very lively interest, since he knew any thing 
of the navigation between Liverpool and Manchester, and one 
which could be carried out with great advantage to the latter 
town. I hope, gentlemen, you have not all forestalled me in 
what I am about to undertake, that is, in reading the report of 
Mr. Palmer; for I am quite sure that those gentlemen who have 
not read that report will listen to it with as much attention and 
interest as I have done myself; and I hope that my reading this 
report, instead of offering any opinion of my own, will meet 
the approbation of the present assembly. 

At this period of the proceedings, G. W. Buck, Esg., Chief En- 
gineer of the Manchester and Birmingham Railway, W. Fairbairn. 
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Esq., and several other scientific gentlemen, entered the room. 
Mr. Binyon was about to vacate the chair, and proposed that it 
should be taken by Mr. Buck; but that gentleman declined, and 


Mr. Binyon was induced to retain his seat. 


Mr. Lingard then read the principal portions of Mr. ‘Palmer's 
report, illustrating it by a reference to a large plan of the river which 
was suspended against the wall behind him. In the course of read- 
ing, he made twe or three remarks in reference to different parts of 
the report. He observed that the late Duke of Bridgewater, at the 
time he contemplated the construction of the tide-way, held in such 
little repute the advantages of the river navigation, that he refused 
to give to the Mersey and Irwell Company, the sum of £5,000. 
for the river, with all its appurtenances He was in possession of 
several plans, which had been prepared by Mr. Radford, showing 
what the river was in its present state ; but they were not on a sum 
ciently large scale to be seen at a distance by the audience. By 
the proposed alterations, the course of the river would be shortened 

fifteen miles. In reference to the aqueduct at Barton, by which 
the Duke of Bridgewater's canal is carried over the river, he ob- 
served that this was the only considerable difficulty they 
would have to contend with between Liverpool and Manchester; 
there were others, but they are of minor importance. He had 
endeavoured to devise means ſor passing the canal at Barton; but 
he really did not expect that this great undertaking, which was 80 
very desirable for the interests of Manchester, would ever be 
carried out without an amalgamation of the Bridgewater Trust and 
the Old Quay Cumpany, or without the two navigations were given 
up to the public generally: he did not mean to say a gratuitous 
giving up, but they ought to be so disposed that the town might 
derive the greatest possible advantage; an undertaking of this kind 
ought not to be trammelled by any conflicting interests.— Applause. 
The difficulty arising from the Barton aqueduct only applied to 
vessels with standing masts; steam-vessels might come under it 
as it now existed, it was of sufficient height. He bad had a state- 
ment put into his hand, showing the size of some iron steam-vessels 
Jately built in Liverpool: one was to go to China; its tonnage was 
600 tons; its power, 220 horses: length, 168 feet; beams, 

feet; hold, 11 feet; and the draft was only 6 feet. But Mr. 
Palmer had provided for depth of 12 feet all the way to Manches- 
ter. Another vessel, called the Albert, which was going to the 
river Niger, was 440 tons burden, 70 horses power, 130 feet long, 
27 feet beams, and 10 feet hold; drawing 5 feet 9 inches of water- 
Another was 250 tons,35 horses’ power, 111 feet long, 22 feet beams, 
feet 6 inches hold; drawing only four feet of water. We had a 
sufficient depth of water at present to bring up vessels drawing from 
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Junction Railway, he observed that this would not be a solitary 
case; for there was one over the river Ouse on the Hull and Selby 
Railway. 

Mr. Fairbairn said there was one on the London and Greenwich 
Railway. 


Mr. Buck.—And one on the London and Birmingham line, 
over the canal that enters Weedon Banacks. 


Mr. Lingard said, the next apparent impediment was the county 
bridge at Warrington; but he thought that no impediment at all; be- 
cause formerly, when it was travelled all hours of the day, there were 
two swivel bridges on it. Mr. Lingard then explained Mr. Palmer's 
proposal with reference to the locks, but said he thought the best plan 
would be to do away with the locks at Throstle Nest and Mode Wheel, 
and place the first lock at or near Barton. This would have the 
effect of increasing the depth of the water (and the banks would 
allow of it) ten feet below Mode Wheel, and five feet between 
Mode Wheel and Throstle Nest. Between Thostle Nest and 
Manchester it would have to be dredged to the depth of ten feet : 
but this would be easily done: he had by him a drawing of a 
dredger capable of removing 700 tons in 10 hours. He had re- 
ceived a letter from Mr. Rhodes, an engineer, who happened to be 
in the committee room of the House of Commons, when the Old 
Quay Company were opposing what would now have been a great 
obstruction if it had been obtained—the ercction of a bridge over 
the river at Fidler's Ferry, by the Grand Junction Railway Company 
with a view to shorten their line. Mr. Rhodes, after alluding to 
some dredging which had been performed under his direction in 
the rivers Ouse and Derwent, said he was quite of opinion that the 
Mersey was capable of improvement, and that Warrington might 
be made a great port simply by dredging and deepening the river, 
and building walls, which might be effectually done, so as to allow 
vessels of 300 or 400 tons burden to reach that place, and vessels 
of 150 or 200 to come up to Manchester. It might not be alto- 
gether irrelevant to the subject, to state the saving that would ac- 
crue to the town, provided they could get rid of the town and port 
dues charged at Liverpool on all vessels which merely that 
port. In the committee on inland bonding last session, it had been 
admitted, and was never disproved, that the revenue derivable to 
the port of Liverpool from the merchandise brought up to Man- 
chester was very much underrated when taken at one half. The 
dock and town dues in Liverpool, in 1756, amounted to £2781 ; 
in 1766, to 43653; in 1776, to £5064; in 1786, to £7508; in 
1796, to £12,377; in 1806, to £44,560; in 1816, to £92,646 ; 
in 1826, to £131,000: and in 1836, to £221,000.—( Hear, hear,) 
So that if Manchester could get rid of that tax, even assuming only 
that one half this revenue was derived from what came up to Man- 
chester, and what went back again, for the same duty was paid both 
ways, it would warrant the expenditure of two millions of money 
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to carry out this undertaking; and Mr. Palmer's estimate for ac- 
complishing the whole of it was only about 4370, 000.— (Applause). 

The Chairman said he was sure they were all deeply indebted 
to Mr. Lingard. The subject was one of vital interest to the town 
of Mauchester; but it would be better for them, as a society for 
the promotion of practical science, to confine their observations to 
tho practical difficulties that were in the way, and not to enter into 
any of the commercial relations of the question. 


Mr. Lingard would venture to make another observation. A 
gentleman with whom he was happy to have the opportunity of 
forming an acguaintance, had been some time ago einployed in 
making a survey for the Mersey and Irwell Company, aud, during 
his engagement, the idea had struck him that something might be 
effected by making a Weir across the river at Runcorn Gap. instead 
of at Cuerdley Marsh. He (Mr. L.) had mentioned the plan to 
Mr. Palmer, after sceing his report; that gentleman said the same 
idea had struck him, but he had a very great objection to putting 
Weirs in tidal rivers. The gentleman he had alluded to was in the 
room, and would perhaps explain his plan to the audience.—(Ap- 
plause.) 


Mr. Bateman, Civil Engineer, said that, in the spring of last year, 
he had the honour of being employed by the Mersey and Irwell 
Company to investigate a question of some difficulty at Runcorn; 
and in that investigation he was led to consider what was the best 
means of improving the navigation, which he knew to be then un- 
der discussion. The corporation of Liverpool had had many pre- 
vious reports on the best means of securing to them their outfall 
into the sea; and all those reports coincided in stating that no en- 
croachment whatever ought to be allowed in the tidal bay above 
Liverpool; they attributed a great deal to the water impounding 
itself above Liverpool, and, on its return, scouring out the river all 
the way to the sea. He had also ascertained, from actual inquiry 
on the spot, that the early part of the ebb tide did very little indeed 
in scouring out the deposit, and carryiny off the silt; this was not 
effected till the tide was about half-way down; owing to its going 
over the sand-banks, and carrying a good deal of sand along with 
it. It was not until the water was pretty nearly confined to the 
channel itself that any scouring was effectually produced. ‘Taking 
this into account he thought if any means could be devised, by 
which any considerable portion of the first half, instead of going 
out useless to the Sea, could be impounded until the tide was half 
down, and then discharged en masse, the scouring effect would be 
considerably increased. There did not appear any great difficulty 
in making the navigation from Warrington to Manchester; the 
river was in many places ten feet deep, and not less than 100 yards 
wide; the principal difficulty was the entrance; for it was no use 
making a navigable river if the mouth were choked up. He had 
been led to think that it was not advisable to interfere with the tidal 
water at all, bul to discover some other means of effecting the saine 
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object. He had gone into a number of calculations, fruin data 
which he had acquired, to ascertain what would be the actual effect 
of what he proposed ; he found that the area of the upper part of 
the river from Runcorn to Bank Quay, was about one-seventeenth 
of the entire area from Rock Perch, and its capacity about one- 
twenty-fifth, or one-thirtieth ; therefore, it formed a very small 
portion indeed of the whole estuary; and if the whole of this part 
of the river were taken away, or stopped up, it would not produce, 
perhaps, any perceptible effect on the mouth of the river. By 
throwing an embankment across at Runcorn Gap, the whole of the 
water might be kept there till the tide had fallen eight feet, which 
it did to half ebb; then, by discharging the whole of it, as much 
would flow out in two hours as now did in six, and the scouring 
power would thereby be trebled. That might be effected by food- 
gates 100 yards in length ; by gates of sixty yards, the water might 
be discharged in three hours, and its scouring power doubled. The 
whole navigation would then be rendered easy: it would be deep 
water at all times from Runcorn up to Warrington, except when 
the scouring was taking place, which might be done when the water 
rose higher thau twelve feet, and the discharges might be made on 
an average three or four times aweek. Mr. Palmer proposed to 
narrow the river, making the width at Liverpool the maximum, 
and contracting it in a kind of funnel shape up to Runcorn Gap, 
his reason being to throw the flood and ebb into the same course; 
as, if he conld constrain the tides always to run over the same 
ground the whole of the silt would run out of the channel, and it 
would not only be deepened, but be kept deep. Taking it merely 
from Liverpool upwards, no doubt he was perfectly right; but he 
(Mr. B.) was doubtful whether this would not have an injurious 
effect upon the deeps at Liverpool. The great tidal wave from the 
Atlantic Ocean was first broken at the Land’s End and Cape Clear, 
in Ireland; part of it ran round the west and north-west coast of 
Ireland; and part of it ran up the Bristol Channel and Saint 
George’s Channel, elevating the tides there to the enormous height 
of thirty-feet at Swansea, aud increasing, higher up the channel, 
to 70 feet at Chepstow. The direct course of the tidal wave was 
at right angles to the entrance of the Mersey; it would strike 
against Formby shore, and its tendency, as it uscended the river, 
would be towards the north bank. At present the antagonist forces 
of the tides and the flowing out of the river, were so evenly ba- 
lanced, that a tolerable channel was preserved at Liverpool; bat 
if the whole body of water in the estuary were reduced to one- 
fourth or one-fifth its present volume, as it probably would be by 
Mr. Palmer's proposition, it seemed to him that it would not be 
able to offer a sufficient antagonistic force to the effect of the tide ; 
and though the navigation of the upper part of the river might be 
improved very much, its mouth at Liverpool might eventually be- 
come choked up. To run the risk of 1 the harbour at Liver- 
pool would be a dangerous experiment. It appeared that very 
large vessels might now be brought up without altering the navi- 
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gation at all below Runcorn; and by commencing the improve- 
ments there it might be completed in the best way up to Manches- 
ter.—( Applause.) 


Mr. W. Fa-rbairn said, it appeared to him that Mr. Palmer pro- 
posed to narrow the river upon the same principle as had been 
done in the Clyde; and, instead of allowing the tidal waters of 
the Irish sea to flow through the narrow neck of the river at Liver- 
pool, and fill all the bay between there and Runcorn, to narrow the 
channel all the way down, and bring the upland floods through that 
narrow channel, in order to scour out the debris. Mr. Palmer had 
concluded that the deposits were brought in by the sea, and were 
not from the high land range above the Mersey. If such were 
the case, the inference was, that the flood tide had the greatsst scour- 
ing power; and it would appear that Mr. Palmer was right with 
regard to narrowing the channel, as had been done in the Clyde; 
where, as by that means, particularly in floods, a great discharge was 
obtained. Provided these improvements were carried into effect, 
steam-vessels might navigate all the way up to Cuerdley Marsh, and 
even to Manchester. It was quite clear that the scouting force by 
which the estuary was to be kept open must be exactly in the ratio, 
either of the land floods, on one hand, or the tidal force, on the other. 
He should like to know the velocity with which the tide flowed 
into estuary, and that with which it retired. 

Mr. Bateman said, tbat at Runcurn it flowed about five miles an 
hour, and ebbed about the same. From that it went down to nearly 
nothing. 

Mr. Fairbairn said it appeared to him that if the preponderance 
of force were with the in-coming tide, the deposits would be carried 
up the river; if the other way, all the minute particles would be 
driven out to sea, while the larger particles would be deposited in 
the bay. From what Mr. Lingard had stated, the tide flowed in at 
the rate of seven miles an hour, and the ebb at the rate of five and a 
half. 

Mr. G. W. Buck.—At what point? 

Mr. Lingard.—At Liverpool; on the rock. 

Mr. G. W. Buck said he doubted whether that was correct, he 
believed that the flood tide came in at five miles an hour, und went 
out at seven in round numbers, and therefore the velocity would 
be greater out than in. 

Mr. Bateman.—I don’t know how it may be at Liverpool; this 
has reference to Runcorn. 

Mr. Buck.—Oh, it will be reversed at Runcorn, the momentum 
there is so much lessened. 

Mr. Fairbairn.—If the scouring power of the ebb tide be so 
much greater, these deposits would be absolutely carried out, and 
could not come in at all, if there be a diminished velocity inwards. 

Mr. Buck.—Yes, I think go. 


Mr. Fairbairn.—But assuming that Mr. Palmer is correct in his 
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supposition, the conclusion he would naturally come to would be 
that the currents carry these deposits in from the sea; and 1 think 
Mr. Palmer draws his cunclusion from the nature of the deposits, 
which he has examined carefully, and he says they are from 
the sea. 

Mr. Buck.—So they will be near to Runcorn. 


Mr. Lingard.—Itis not near Runcorn where he made the ex- 
amination, but just in the bay. 


Mr. Fairbairn. Then a great proportion must be carried in- 
wards, from the sand-banks accumulating in the estuary of the 
Mersey. But I am partly of Mr. Palmer’s opinion as to nar- 
rowing the channel; and it might be done at a light expense. 
It is a fact well known, that fifty years ago, in the Clyde, 
they could not get a vessel up to the Bromielaw—that is 
Glasgow—of any considerable tonnage ; now the river is navi- 
gated by vessels of 600 tons burden ; and this has been done 
entirely by narrowing the channel. 


After a short conversation, in which Mr. Fairbairn stated in 
answer to Mr. Bateman, that the bed of the Clyde was not silt, 
but rock, and that the tidal wave flowed directly up the Clyde, 
not at right angles to it, as in the Mersey, Mr. Fairbairn went 
on to say, that he thought a great improvement might be 
effected in the navigation above Runcorn by making new cuts, 
in order to avoid bends in the river. By this means, 
and by having a quay and wet docks at Hulme, vessels of 300 
or 400 tons might come up, and lie there, with perfect safety. 
He did not think there would be much difficulty with the 
Barton aqueduct ; it would only be necessary for the vessels 
engaged in the Manchester traffic to be so constructed that 
their topmasts might be struck. With regard to the adoption 
of iron vessels, he had no hesitation in saying, that a new era 
was bursting upon us, both as regarded ocean and river navi- 
gation. He had no doubt that in twenty-five or thirty years, 
nearly the whole of the trade of this country would be con- 
ducted in iron bottoms.—(Applause.) And he concurred with 
Mr. Palmer in thinking that these vessels were, above all others, 
the most applicable to the navigation of the Mersey and Irwell. 

Ultimately, the discussion was adjourned for a fortnight, and 
a vote of thanks was passed to Mr. Lingard.” 


— 


ADJOURNED CONVERSAZIONE, FEB. 11, 1841. 
Mr. ConsTeERpINe in the Chair. 


Mr. Lingard recapitulated what he thought necessary of that 
which he stated at the opening of the discussion. He was very 


* This Conversazione was held on the 28th, and not on the 30th of 
January, as printed at the head of the Articles. 
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glad that his task this evening was much relieved in consequence 
of many parties being present who were prepared to go into some 
discussion on the subject of Mr. Palmer’s report. But, in conse- 
quence of its being said at the last meeting, in contradictionto what 
he then asserted, as to the velocity of the flood and ebb tide, he did 
feel it necessary to give some explanations ; and he was much 
obliged to Mr. Buck for calling his attention to the circumstance, 
because he found it stated, by Captain Denham, as Mr. Buck 
had said, that the flood tide flowed with the greatest velocity. 
He had hoped that Captain Denham would have been there 
that evening. The information he had already given was, that 
the quantity of water that passed into the estuary, or rather 
that passed Liverpool, during the spring tides, was about 779 
millions of cubic yards, and that the quantity coming in at neap 
tides was 292 millions, the mean quantity being 535 millions, 
not giving the odd numbers. Captain Denham also said, that 
the maximum velocity of the flood tide was six miles and three 
quarters in an hour, and that the maximum velocity of the ebb 
tide was seven miles an hour. Now this was so different to 
what he had understood before, that, since the last meeting, he 
had made it a matter of enquiry as to what was the opinion of 
those who were better acquainted with the rivers than himself. 
He asked three Captains who had been in the service of the 
company between thirty and forty years: the first said the flood 
tide run the quickest ; the second gave the same answer; and 
the third said, The flood tide, to be sure.” He asked him 
why to be sure; to which the man replied, that every one 
knew that the tide came in in five hours and a half, and went 
out in six hours and a half; and that that which did it in the 
least time must do it the quickest. He (Mr. Lingard) did not 
rest there, but, while in Liverpool, asked for the oldest ferry- 
man: he got one who had been accustomed to the ferries for 
the last twenty years, and he gave precisely the same answer, 
and the same reason, as the last witness. He then saw the 
Captain of the Woodside steamer, who gave the same opinion. 
These opinions, as far as observation went, were pretty conclu- 
sive. Then he found, that Captain Denham supposed, that the 
quantity of salt, mud, and sand, suspended in every cubic yard 
of flood tide, was 29 cubic inches; and that every cubic yard 
of ebb tide contained 33 inches; and, by that, would show 
that the ebb tide took out four cubic inches more solid matter 
than the flood tide brought in. The effect of that would be, if 
Mr. Denham was right, and he (Mr. L.) had gone into calcula- 
tions on the subject, that the cstuary of the river above Liver- 
pool would now have an uniform depth of above 180 feet. Now 
Mr. Palmer stated in his report, from the examination of sand 
taken out of the estuary; that the particles which were found 
there were entirely of a marine nature; and consequently, if 
the ebb tide took out more than it brought in, it certainly 
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would not leave a pod tal of what it brought in. He might be 
wrong, and Mr. Denham might be right ; but that was a matter 
which required the consideration of that meeting. He would 
state to them a fact which one of the captains had told him, 
showing that the water of the uplands had some effect in the 
scouring of the estuary. The captain in question was neapcd 
on Dungeon Bank, about eight miles above Liverpool, for seven 
days. He was short of water, and took the advantage of low 
water to take some from the river, and the water was fresh or 
nearly so; consequently, the fresh water at that time must have 
been having some effect on the bed of the river. That was 
what Mr. Paimer contended, although in opposition to the gene- 
ral opinion of engineers, that the estuary was necessary tor 
clearing out the mouth of the river. As to the Barton aque- 
duct, a number of people had said to him, that Mr. Palmer had 
ruined his report by having a canal on the level of the Duke of 
Bridgewater's from Barton. Mr. Palmer had provided for 
steam vessels coming all the way up to Manchester, which ap- 
peared to him was likely to be the common mode of communi- 
cation. But vessels with standing masts he could not bring 
under this viaduct, and he therefore went over it, or went ina 
line with it. And this was supposed to ruin his report !—a — 
supposition which appeared strange to him in 1841, when sci- 
ence was so far advanced, that they could not construct a canal 
from Barton to Manchester, a distance of four miles, when in 
1736 the Duke of Bridgewater constructed a canal from Wors- 
ley to Manchester, on the same level ; and that in 1761, he did 
not stop at Barton, but absolutely carried the canal on the same 
level from a place called Water Meetings to Runcorn, a distance 
of thirty miles; and, in 1826, a ship canal was projected, into 
which the whole of the water had to be pumped out of the sea, 
and this ship canal was shown to be a profitable undertaking. 
It had been suggested to him, that the best way would be to 
make the Duke of Bridgewater's Canal navigable instead of the 
river. Perhaps in some respects it would; but the supply of 
water was wanted. If the river could be made navigable to 
Barton, which he had every reason to believe it could, then, in- 
stead of this canal which Mr. Palmer had projected, it might 
be well then to take the Duke’s canal, leaving the river for 
steamers only to come up. ‘That would do away with the great 
loss of water which ctherwise would take place if they had to 
lock the whole of these vessels up to Manchester. 

Mr. Radford, Honorary Secretary to the Institution, then 
read a letter from Mr. Fairbairn, dated London, February &th, 
from which we give the following extracts: 


London, February Sth, 1841. 


“Dear Sin, — Finding my engagements in London such as 
will prevent my attendance at the next conversazione, and feel- 
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ing a deep interest in the forthcoming discussion on the Mersey 
and Irwell improvements, permit me to offer a few observations 
on that engrossing and very important snbject. Since Mr. 
Lingard's communication, I have had an opportunity of reading 
Mr. Palmer’s report ; and, although I do not entirely concur in 
that gentleman's views, I nevertheless think that many parts of 
his report are not only valuable, but exccedingly useful in a 
practical, as well as a scientific point of view. It has always 
appeared to me desirable, that something should be done to im- 
prove the navigation between Liverpool and Manchester. Na- 
ture has done her part in fixing the relative positions and levels 
of the two towns, and she lias placed at our disposal rivers of 
considerable power, and well adapted for the purposes of navi- 
gation. 


Without entering upon the theory of currents and transport 
of material, I would direct attention to the important fact, that 
the bed of the river Irwell, at the New Bailey Bridge, Man- 
chester, is only 49 feet (according to Mr. Palmer’s report) 
above the intersection of the tide at Woolston. Assuming it, 
however, to be 50 feet, the difference of level is so inconsider- 
able, that the whole might be surmounted by four locks of 12 
feet 6 inches each, or at most five locks of 10 feet each. 


From this it appears evident that the amount of lockage 
would not be considerable, and there being, at all seasons, an 
almost superabundant supply of water, is a sufficient guarantee 
for the present traffic, even when doubled in extent. Besides, 
every succeeding year must add to the supplies, by the forma- 
tion of reservoirs in the uplands, and the consequent neutraliza- 
tion of low ebbs and high floods in the currents of the rivers. 


I feel somewhat desirous of directing public attention to this 
circumstance, as the collecting of the flood waters in reservoirs 
is not only valuable as a moving power in the first instance, but 
these supplies are again transferred to the bed of the river for 
the support and maintenance of the navigation during those 
eo when the river in its natural state is short of water. 

e have yet a great deal to do; and tlie present imperfect 
state of the Mersey and Irwell navigation is, in my opinion, 
neither creditable to the company, nor the age we live in. 


In following Mr. Palmer through his remarks and observa- 
tions on the deposits in the estuary, I am not quite clear as to 
his premises. It is well known to navigators, and all those ac- 
quainted with the great tidal wave and currents of the At- 
lantic, that, in its approach to these islands, it first breaks 
upon the south-west coast of Ireland, and the Land’s End, 
and is thus divided into three portions, the first moving along 
the western side of Ireland, washing the coasts of Balway, 
Mayo, and Donegal; the second rushing up St. George's 


362 On the Mersey and Irwell Navigation. 


Channel ; and the third forcing its way into the German Ocean, 
through the straits of Dover, visiting, as it passes, all the in- 
termediate ports on the northern shores of France. and the 
opposite coast of England. The second of these, however, 
bears more immediately upon the present question ; it rolls, in 
the first instance, with great force past Lundy Isle, and wedges 
itself (if I may use the expression) into the throat of the Bri- 
tish Channel. It is the impetus of this tidal wave forcing itself 
into the funnel mouth of the Severn, which produces the tical 
momentum, and raises the water (as stated by Mr. Palmer) to 
the height of seventy feet at Chepstow. In the Dee and the 
Mersey we have not, however, to complain of these high eleva- 
tions, as the forces are, in a great degree, mudified by the main 
body of the tide taking the direction of the Solway Firth, and 
the Isle of Man. A little beyond this, at the Mull of Galloway, 
its progress is stopped by the counter current, which by this 
time has doubled Fairhead, and is now rolling down the north 
channel between the coast of Antrim and the Mull of Cantyre 
This amalgamation or meeting of the tides, accounts for the 
commotion and short seas which invariably prevail during flood 
tides of the Mull. 


From the above description, it would appear that we have 
not much to contend against in relation to the tides in the 
Mersey, which seldom exceed a height of 30 feet at Liverpool. 
Their influence is, on the contrary, of great value, as their 
ascent would enable vessels of considerable burthen to ap- 
proach, and enter the proposed sea lock, and from thence be 
transferred by steamers to the quays and docks at Manchester. 


I have before stated, that, in many of Mr. Palmer’s observa- 
tions, I have great pleasure in bearing testimony to their gene- 
ral accuracy and research. I do not, however, agree with him 
as to the nature and direction of the deposits. In the report, 
he maintains that the shoals and sand banks above Liverpool 
are brought in from the sca; and judging from these remarks, 
his conclusions appear to be drawn from two causes ; first, from 
the excess of force in the flood tide, as it passes the narrows at 
Liverpool, and secondly, from the nature of the silt, which, on 
examination, he found to be the same as the shoals found in 
the estuary. 


Now, on a careful examination of these facts, it will be found, 
that, although some portion of the outward deposits may, in 
some winds, be returned, yet it is clear that all the formations 
of banks and shoals now going on at the mouth of the Mersey, 
and all other rivers, are derived from the removal of the soil, 
and the disintegration of the strata of the uplands. There is 
no doubt that great changes and considerable fluctuations take 
place in silting up certain localities; but it is the. business of 
the engineers to investigate these laws, and to apply such reme- 
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dies as the regular and combined action of the different currents 
will admit.“ 

Without, however, stopping to investigate these things, I 
would urgently recommend the public to encourage and pro- 
mote a more searching inquiry into this subject. It is one of 
deep interest to the community, and any improvement which 
would enable vessels of 400 to 500 tons burthen to discharge 
their cargoes in a commodious wet dock at Hulme, would form 
an epoch of such magnitude in the history of Manchester, as 
would quadruple her population, and render her the first as 
well as the most enterprising city in Europe. 


Since the above was written, my friend Mr. Bateman has 
transmitted to me a copy of a report, addressed to the company 
of proprietors of the Mersey and Irwell navigation. I have 

erused that document with great care, and would earnestly 
direct public attention to the clear and sound engineering views 
of the writer. Mr. Bateman appears to have bestowed consi- 
derable time and great attention upon the subject. I perceive 
his intention is to throw an embankment half way across the 
narrows at Runcorn Gap, and the remaining half to be formed 
of piers and arches, with a revolving gate in each to admit the 
flood tide, and again to discharge it as a securing power, to open 
and maintain the channel in that part of the estuary most liable 
to the deposit of silt from the point of discharge down to the 
deeps above Liverpool. 

Mr. Bateman's plan appears 10 combine many advantages 
over that of Mr. Palmer's, as a tidal embankment at Runcorn 
Gap, with its accompanying self. acting flood- gates, would not 
only place a large scouring force at the disposal of the proprie- 
tors, but would afford to the public the important desideratum 
of asafe and commodious communication between the town of 
Runcorn and the opposite shore ; besides I am of opinion that 
Mr. Bateman’s plan would dispense with Mr. Palmer's idea of 
narrowing the channel in the upper estuary, which, on a care- 
ful examination of the map, would probably be attended with 
an outlay of capital greater than the object to be obtained would 
warrant. 

In these observations I have considered it my duty to direct 
attention to Mr. Bateman’s very able report ; and, provided he 
would favor the members of the gallery, at their next meeting, 
with his views on the subject, 1 am sure he would confer a 
benefit, not only upon the institution, but upon the public at 
large.—I am, dear Sir, your faithful obedient servant, 

w. FAIRBAIRN. 


Richard Radford, Eig. Hon. Sec. Royal 
Victoria Gallery, Manchester. 


© On this subject I would beg to refer to the report and surveys of Cap- 
gain Denham, the best authority now extant on the estuaries on the rivers 
Wee and Mersey. 
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Mr. Gibb said, he should be glad if any gentleman in the 
society would give his experience whether Mr. Fairbairn was 
right ; whether the mouths of the rivers where harbours were 
maintained, were, in fact, flooded up by the lodgment of sand 
from the interior of the country. He was acquainted with one 
or two harbours of some magritude in Scotland, where the 
river was small in comparison, he meant as regarded coming 
down from the interior of the country, and where the tidal river 
was very similar to the Mersey ; and in these small rivers he 
knew there were large banks always rising. ‘The harbours of 
Ayr and Irvine he knew were a good deal infested with banks 
of this kind, which could not be from the quantity of sand 
coming down trom the interior, but were made by the deposits 
from the tide. He believed, that the more power there was 
given to the water coming from the interior of the country, the 
more would the mouth of the river be kept open. What was 
the fact with regard to the Clyde? It had been going on for 
nearly twenty years, and was a most excellent example for 
Manchester ; and they had never heard the people of Greenock 
or Port-Glasgow say, You are going to spoil our river by 
sending down sand.” It had been stated, that the pro;rietors 
of the river Mersey had not done their duty. That was correct. 
They could not go upon the continent without finding vessels 
of superior power and small dip going up and down the rivers ; 
this was to be seen in France and Germany, and he did not see 
why they should not have the same here. Now in Manchester 
they had four feet and a half of water in the midst of summer ; 
but, notwithstanding that, they could not get any thing like a 
respectable steam boat up to Manchester. 


Dr. Marshall said he knew the Clyde well; it was now a 
depth of 10, 12, or 15 feet, and he conceived that this was 
owing to the current of the upland waters. 


Mr. Buck, Chief Engineer to the Manchester and Birmingham 
Railway, spoke as follows: 


I cannot refrain from taking a part in this discussion, although 
itis, I believe, the first instance in my experience, of the report 
of a brother engineer having been brought before the public for 
discussion. (Hear hear.) With Mr. Palmer’s views generally, 
so far as they have reference to the improvement of the navi- 
gation of the river above Runcorn, I cordially concur. I think 
that with the proper application of funds, and judicious engi- 
neering, there can be no question that vessels of considerable 
burden can be brought up to Manchester, and that Manchester 
may enjoy the blessings of a port. 


Some years ago the late Mr. Talford was consulted, I believe 
by the directors of the Mersey and Irwell navigation, for the 
purpose of obtaining his opinion upon it; when he gave an un- 
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favourable one. But steam navigation, by means of iron vessels, 
was not then, I believe thought of. If there is sufficient water 
in the river, no doubt such vessels can come up, but without 
the aid of steam navigation, I think the proposed improve- 
ment ought not to be recommended. Since I came into the 
room, a piece of a newspaper, (I think the London Times), 
has been put into my hands; it contains an advertisement to 
the following effect: To be sold, an iron steam boat of great 
strength and speed, of 163 tons burden; 157 feet in length, 
€ 15 in width, and 8 feet 6 inches in depth; fitted up with spa- 
€‘ cious saloon, Ladies’ cabin, and every other convenience; 
<: with two mariné condensing engines 25 horse power each; 
<< draught of water three-feet six-inches; and her speed has 
been proved to be equal to 13 miles an hour“ (Hear hear). 
With that evidence staring us in the face, I am quite sure that, 
with such a river as the Mersey, there can be no difficulty in 
bringing vessels up to Manchester of twice that size. (Ap- 
plause). 


Having said thus much in reference to the navization between 
Manchester and Runcorn, I will make a few observations on 
that part of Mr. Palmer’s report, which applies to the estuary 
between Runcorn and Liverpool. In that report he certainly 
ventures to place himself in opposition to all the celebrated en- 
gineers in the kingdom ; inasmuch as he says that the estuary 
is injurious to the port of Liverpool, and that if it be gradually 
contracted from its present width at Liverpool of 3300 feet, to 
its width at Runcorn of 1200 feet, making it “ trumpet 
mouthed,” as he says, the scouring power will be increased. 
Here he is also in opposition to Captain Denham. 


I came prepared with a few notes on this subject; and 
though this is a conversazione, I take it to be more a subject 
for a paper; and if you will allow me, I will refer to them. 
(Hear hear). 


Mr. Palmer considers the great area of the estuary to be in- 
jurious, because its extent is such as to cause the silt and the 
sands that form the bed of the estuary to be acted upon by 
the winds and waves, and subject them to change of place ; 
c hence the channel or line of deepest water varies.” He says, 
shoals are said to accumulate in the upper part of the estuary, 
and he attributes them solely to sands brought in by the tide. 
That is a summary of what he says in reference to them. 


He says the sands shift in the estuary ; they do so; and if it 
were possible to fix those sands in their situation, I am of opinion 
it would ruin the port of Liverpool. It is because they are 
acted upon by the current, and are continually changing their 
places by the action of the winds and waves that they are pre- 
vented from becoming consolidated. If they were to become 
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consolidated they would gradually rise above the water, and 
therefore the channels would become permanently defined and 
the estuary would no longer exist: It is possible that there 
would have been no estuary for ages back if the sands had not 
been moveable., It has been stated by Captain Denham, that the 
influx of water is 779 millions of cubic yards in a high spring 
tide, and that this comes in in five hours and twenty minutes. 
Whatever those respectable boatmen who navigate the river 
may say in reference to the comparative velocity of the ebb and 
flood tide from their observation, I shall certainly place more 
dependence upon the evidence of Captain Denham, who was, 
for six years marine surveyor to the port of Liverpool; who is 
a scientific man, and who communicated the result of his labours 
to the British Association at two of their meetings. He has 
measured the velocity of the stream in both directions; but I 
question if those boatmen ever measured it. 


The tide flows five hours and twenty minutes, and ebbs six 
hours and thirty minutes. The velocity of the flood tide 
for the first hour is four miles an hour, for the second 6t, 
for the third 7; for the fourth 6; for the fifth 3; and then it 
diminishes from one mile an hour to nothing. In going out its 
velocity for the first hour is 44 miles an hour; for the second, 
74; for the third 7 ; for the fourth 52; for the fifth 43; and 
then it rapidly diminishes. Captain Denham stating the velo- 
city for the sixth hour to be 24 miles an hour. 


The column of water which moves past Liverpool in coming 
in with a high spring tide is therefore about 264 miles in 
length. I 


Mr. Hawkshaw.—May I just beg to interrupt Mr. Buck to 
say one word. I think he has probably misstated the facts, in 
giving the times of the ebbing and flowing of the tides; I think 
he has made the ebbing of the tide the longer. 


Mr. Buck—So it is. 


Mr. Hawkshaw—But I understand Mr. Denham settled it to 
be the other way. 


Mr. Buck—No, that is the mistake which occurred here the 
night before. From the preceding data the length of the co- 
lumn of water which comes in is 263 miles, and that which goes 
out is 324 miles. The mean velocity I find is very nearly seven 
and one-third feet per second, both coming in and going out; 
but there is a very extraordinary difference in the velocity at 
different times. Captain Denham has the honour of having dis- 
covered a certain law which affects the tides generally. It is 
this, that you may discover from the tide itself, the line corres- 
ponding with the mean level of the ocean: a certain space of 
time is always consumed in the ascent of the tide from this line 
to high water, and its descent from high water to this level al- 
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ways occupies precisely the same time as its ascent, whatever 
the rise of the tide may be. At Liverpool this time is three 
hours ; the tide rises above the mean level of the ocean for three 
hours; whether it be a high or a low tide ; a spring or a neap 
tide, it is always three hours in rising above this level, and three 
hours in descending to it. It is this great mass of water rising 
above the mean level of the ocean and occupying the area of 
the estuary, which effects the scouring and maintains a channel 
for the commerce of Liverpool through that bar, about fourteen 
miles distant. If this volume of water were lessened, that bar 
would increase, and most unquestionably large vessels could 
no longer come to Liverpool ; and if Liverpool were destroyed, 
of course Manchester would share its fate, so far as the naviga- 
tion is concerned. Therefore it is of the highest importance 
that this point should be well sifted, and that there should be 
no doubt about it. 


I find then that the column of water flowing in during the 
last three hours of the tide, which raises the water above the 
half tidal range, as Captain Denham calls it, is fourteen miles 
long, and that the column which flows out during the first three 
hours of the ebb is 18}? miles long. The one comes in and the 
other goes out in three hours, consequently, the velocity must be 
greater out than in, in the proportion of 134 to 100. Now I 
want to arrive at a comparison of their momenta ; and in this 
case the length ofthe column may be regarded as the expression 
for its volume or weight. Mechanically, or mathematically 
speaking, if we wish to determine the effect of the disturbing 
force of a body in motion it is obtained by multiplying its 
weight into its velocity: but the length of the efluent column, 
183 miles, may represent its weight; and the mean velocity 
of the efflux, during the first three hours is 64 miles per hour; 
therefore the product of these is 117, which will represent the 
momentum of the efflux during the first three hours. 


The mean velocity of the column during the last three hours 
of the flood is 4 & 2-3rds miles per hour, and its length being 14 
miles, the product of these is 653 miles, which will represent the 
momentum of the flood during the last three hours. There- 
fore the momentum of the flood is to that of the ebb, during 
the superior portion of the tide, when the mass of water is 
greatest, in the ratio of 65 to 117, or as 100 to 180. Here 
you see are the mighty means by which the port is kept open, 
it is the power of the top half of the tide; if you take away 
this enormous momentum of the retiring tide, you destroy the 
port. The Victoria Channel, which is eight miles distant from 
the Black Rock, about two miles long and half a mile wide, has 
been scoured out to a depth of about twenty feet at low water ; 
and this effect has been chiefly produced by the force which I 
have described. The other channels are probably silting up ; 
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and it will be better for Liverpool if they should silt up, be- 
cause the worse they become, the better the Victoria Channel 
will become ; and it is far preferable to have one good channel, 
than two or three bad ones. 


The momenta of the remaining or inferior portions of the 
tide will stand thus:—The length of the column of the first 
portion of the flood, that is from low water to half tide range, 
is 12 and 7-12th miles, which enters with a mean velocity of 5 
2-5th miles per hour, and their product representing the mo- 
mentum is 68 nearly. The length of the column of the last half 
of the ebb, namely, from half tide range down to low water 


mark, is 132 miles, flowing with a mean velocity of 3100 mile per 


hour, and their produet representing the momentum is 54. Con- 
sequently although the quantity of water discharged is the 
greater, the momentum of the ebb is less than that of the flood 
during this inferior portion of the tide, in the ratio of 68 to 54, 
or as 100 to 79 nearly. 


Here the momertum of the flood is the greater, but it takes 
place when the estuary is comparatively empty. This part of 
-the ebb does not reach the Victoria Channel before it is met by 
the returning flood. And because it occupies a much smaller 
sectional area, its mass, and consequently its absolute momentum, 
is very much less than that of the first poi tion of the ebb. 


If we compare the sums of the several ratios here obtained, 
in order to take the mean of the entire tide, the momentum of 
the flood is to that of the ebb as 100 to 1294: but this ratio 
holds good only on the supposition that the sectional area of 
the stream is equal at all times, which is not the fact ; and if we 
suppose that the sectional area of the first half of the ebb tide is 
twice that of the last half, (this suppcsition being probably very 
near the truth,) then the comparative momenta of the flood 
and ebb during one entire tide will be as 100 to 146. With 
this great preponderance in favor of the ebb, it is therefore im- 
possible that the tide can cause the filling up of the estuary. 


Mr. Palmer proposes, as I stated before, to narrow the chan- 
nel from its width at Liverpool to its width at Runcorn. Now 
the volume of water, as has been previously stated, which flows 
out of the estuary as it is, is, in round numbers, 779 millions 
of cubic yards; but the quantity which would flow out upon 
Mr. Palmer's plan wonld be about 163 millions of cubic yards, 
being in the proportion of 478 to 100,—call it five to 
ore. But what would be the difference in the effect? 
The effect would be diminished in a much greater ratio than 
that of five to one; because if there were only one fifth of the 
quantity of water, its velocity would also be reduced to one 
fifth ; for the small quantity of water would take as much time 
to flow out as the large quantity, because it cannot go off faster 
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chan the tide falls; it must take the whole time to run out. 
Therefore the effect would be diminished in the ratio of the 
squares of the velocities ; and taking into account the fractions, 
it would have a disturbing force, by which the shoals are re- 
moved and the bar kept open, equal to only one twenty-third 
part of that which now exists. Perhaps all who are present 
may not be in the habit of looking at these things mechanically ; 
but I think I can, in a few minutes, explain why the force will 
diminish as the square of the velocity. If, as will be readily 
admitted by all, the momentum of a body is represented by its 
weight multiplied by its velocity, I will suppose the velocity to 
be diminished one half, the weight remaining the same ; then 
the momentum is clearly but one half of what it was before. 
Now suppose the quantity or weight of the body diminished 
one half also, and then the momentum will be again diminished 
one half, and will be only one fourth of what it was at first. 
Therefore, you see, the momentum is diminished to one fourth, 
by diminishing the weight and velocity of the body each one 
half. So, if we diminish both the bulk of the water and its 
velocity to one fifth of what they were before, it is clear that 
the effect will be only one twenty- fifth part of the former 
effeet. 


Having said thus much, I will go on to show that the estuary 
may be contracted, and that neverth-less the port may be bene- 
fitted. Here I take a view of the subject different from that of 
my professional brethren of well-known name who have said, 
If you encroach on the estuary at all, you injure the port of 
Liverpool,—you injure the scouring effect. Because, they say, 
if you encroach upon the estuary, you prevent so much tidal 
water from coming in as would fill that space which you will 
occupy by your encroachment. If that were true it would in- 
jure the port; but I can show that encroachments may be made 
to a very considerable extent, without excluding one drop of 
tidal water from the estuary- Thus, at the moment it is high 
water at Liverpool, or at the moment the tide begins to turn, it 
is quite evident that not another drop of water can come in 
from that tide ; but when it is high water at Liverpool it is not. 
high water at Runcorn; it takes 55 minutes, say an hour, to 
flow up to Runcorn. I procured a man to attend at Runcorn 
on Saturday, Sunday and Monday last, it being then spring 
tides, to measure how much the tide rose in the last hour of 
the flood ; and on Sunday night’s tide, which was the highest, 
it rose five feet in the last hour. Now during the time m 
which the tide was rising these five feet, it must have been ex- 
panding laterally in the estuary : and if a sea wall or embank- 
ment were formed on both sides, coinciding with the line of the 
water’s edge, at the precise moment of high water at Liverpool, 
it is obvious that it would not exclude a single drop of tidal 
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water, because the water would not touch it until after the tide 
was ebbing at Liverpool. The effect of such contraction would 
be the following: the water brought in by the tide would be 
compelled to occupy and move in the deeper parts of the estu- 
ary, which it would render still deeper ; it must move onwards 
towards Runcorn, where it would rise higher, because a reduced 
area would be covered by it; its momentum would carry it 
further up the river, and its efflux would be accelerated by 
reason of its having a greater declivity and a deeper channel to 
move in. I think this is a demonstration, that an encroachment 
to a considerable extent, well planned and laid out, might be 
made in the upper part of the estuary with great advantage to 
Manchester and to Liverpool also.—( Applause.) 


The information I have obtained as to the rise of the tide at 
Runcorn subsequent to the time of high water at Liverpool, has 
enabled me to compute the quantity of water, which, to an 
observer at Runcorn, appears to come in during the last hour of 
the tide, and it amounts to no less than 77 millions of cubic 
yards. 


Mr. Palmer, in order to enforce his argument, referred to 
some other rivers. He referred to the Ouse, where a cut was 
made two miles and three quarters in length, to prevent a cir- 
cuit of six miles; but the case was not analagous. The velocity 
in the Ouse was much increased by taking a shorter cut ; and 
we know that the velocity will be increased inversely as the 
square roots of the distance travelled ; in this case very nearly 
in the proportion of ten to fifteen, whilst the momentum being 
increased with the velocity, an increased scouring would take 
place. But that is not applicable to this part of the Mersey ; 
you cannot bring Runcorn and Liverpool nearer together, by 
shortening the course, as was the case in the Ouse. He refers 
also to the Severn, and tells us that the tide rises 30 feet at 
Swansea, 40 feet at the mouth of the Avon, 50 feet at the New 
Passages, 60 feet at the mouth of the Wye, and 70 feet at 
Chepstow; and that he has ascertained this by personal obser- 
vation. Now I know that the tide does not rise 70 feet at 
Chepstow, by 25 feet: if it did, a great part of the town would 
be overflowed. Between twenty and thirty years ago I was 
employed at Chepstow in the erection of the cast iron bridge 
there, and during the progress of the work the depth of water 
was registered every tide, when it was ascertained that the rise 
of a spring tide is 45 feet, and not 70 feet as stated by Mr. 
Palmer: the highest tide which took place during the erection 
of the bridge, gave a depth of 52 feet 8 inches, measured from 
the bed of the river, with a depth of about 4 feet at low water, 
making a lift of about 48 or 49 feet at that tide, which was the 
highest known for about twenty years. 


I will here mention a curious fact, although it does not bear 
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exactly upou the point. The highest tide at Chepstow usually 
occurs at the fifth tide after the full and change of the moon, 
but in this case it was the seventh tide, which ought not to 
have been a high one; butthe tidehad actually begun to ebb after 
high water, and it returned again producing this remarkably 
high tide: this effect was produced by the wind; a huri- 
cane from the south west having come on a short time before 
high water, which caused damage to the extent of about £10,000 
along the coast of the river. believe I have no further ob- 
servations to make ; my intention was principally to contend 
against the very fallacious reasoning of Mr. Palmer, in reference 
to the estuary of the Mersey ; as to the improvement which he 
has suggested in the navigation of the river above it, so far as I 
understand them, I entirely concur. (Applause). 


Mr. Gibb said, he should like to ask Mr. Buck how it hap- 
pened that the engineers to the Clyde trust had recommended 
walls to be made, and which had been made for the very pur- 
pose of doing away with the estuary which he said was requi- 
site for the Mersey. 


Mr. Buck said the Clyde was a different river. It was a 
great river, with a trumpet mouth the same as the Severn. It 
was similar to the Thames, which did not want an estuary. 
The river Thames was of itself one great estuary. The Nore 
was forty miles from London, and the action in the one would 
be very similar, if not precisely the same as the other. 


Mr. Gibb: You would not compare the Clyde with the 
Thames. 


Mr. Buck: Then I could not compare it with any thing. 


Dr. Marshall said, for a considerable number of years they 
had heen narrowing the Clyde, and a great deal of money had 
been acquired by the proprietors of the land, which had been 
reclaimed. 


Mr. Hawkshaw, the Engineer of the Bolton railway, said, he 
feated, from the number of their northern brethren present, 
that, if they got on the Clyde, they should forget there was 
such a river as the Mersey. He had not had the opportunity 
of seeing Mr. Palmer’s report before last night, and therefore 
what he had to say would be principally commentary upon the 
observations which had already been made. He wished to 
state, that he, in common with every one living in Manchester, 
wished to see the Irwell made navigable ; and, therefore, the 
observations he was going to make were, not because he was 
opposed to the measure, but merely on this ground,—that, if 
such a work was to be undertaken, it would naturally meet 
with a very strong opposition; and it was quite clear there 
would be no chance whatever of succeeding with it, unless it was 
attempted in the best manner. It would be utterly impossible 
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for Manchester to obtain powers for making the upper part of 
the river navigable, if it was attempted in a manner which 
would hinder the entrance tothe Mersey. Now he did see very 
considerable difficulty in combining the two. He did not mean 
to say this difficulty was insurmountable; but still he did not 
think Mr. Palmer’s plan would accomplish it. In the first place 
he would state the error in Mr. Palmer's report as to reasoning 
on certain causes and effects, which might be applicable on that 
part of the estuary between Liverpool and Runcorn ; and, ap- 
plying that reasoning to the mouth of the river, he thought 
what Mr. Palmer suggested would injure the mouth of the 
river. Mr. Palmer stated, that the accumulations about Run- 
corn were greatest when the water from the uplands was least. 
This he believed to be correct, and it must naturally be the 
case. Mr. Palmer gave this asa reason, among a number of 
others, why he conceived it was the water of the uplands that 
kept open the port of Liverpool. But it was quite clear, that 
when there was a diminution of water from the uplands, that 
circumstance would also cause an accumulation about the mouth 
of the river. There was another remark of Mr. VPalmer’s, 
which, he thought, would go to prove this. He said, suppose 
the port of Liverpool was a bay only, it would silt up, which 
he (Mr. Hawkshaw) believed was quite true. If no water were 
to come down from the Irwell, then it would silt up. Then, if 
this was the case, they would accelerate the silting up by taking 
away the back water. If they took away the back water, it 
would give it the character of a bay, and that bay would no 
doubt silt up. His reasons for supposing this were taken from 
the Ribble and the Dee ; and the port of Liverpool was kept 
open, in his opinion, from the great press of the columnof 
water, which, after having flowed up by the tide, had to make 
its egress, and pass out again. Some observations had been 
made as to the nature of the deposits ; but that did not appear 
to him of the slightest consequence. He thought the effect of 
this estuary was to widen it as well as to raise it. He quite 
agreed with Mr. Palmer, that, for the purpose of getting a 
sufficient depth of water all the way up the river, it would be 
desirable to contract the estuary, and give it some regularity of 
outlet; but he thought that carrying such a measure into exe- 
cution would lead to stopping up the mouth of the river, and 
he did not know how that could be obviated but by continuing 
the embankments out. That would leave things nearly the 
same as they now found them,—the quantity flowing in would 
be diminished, but the force going out would be the same. 
That would be an enormous work ; but he feared that contract- 
ing the upper part of the estuary in the way that Mr. Palmer 
Eee would injure the mouth of the river, and, if that was 
really the case, it would be vain to attempt such a measure. It 
would follow, therefore, that some other measure would have to 
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be devised. It appeared to him that the requisites for keeping 
open the port of Liverpool were opposed to those for making the 
upper part of the river navigable: at the same time he was of opi- 
nion, that that which was requisite for the port of Liverpool, and 
which at present was the means of keeping it up, became inju- 
rious from its own action. He agreed with Mr. Palmer, that 
the influx of the tide, by washing away the shores of the wide 
part of the estuary, was gradually filling it up; and he knew 
that what had formerly been part of the estuary, was now 
covered with grass. Therefore, in course of time this would 
silt up, but it would require a protracted space of time, and 
Liverpool could then be kept open only by contracting the 
mouth of the river. If the neck of the bottle were made less, 
the mouth of the river must be contracted also. Mr. Palmer 
drew a comparison between the eastern and western coast, and 
thought the cases were not parallel; because, on the eastern 
coast, he said there were beaches of shingle, the component 
parts of which must find a resting place somewhere. He (Mr. 
Hawkshaw) however, could not see any difference, because the 
component parts were all alike. It was known that there was 
a tendency to sand banks on the western coast, and nothing, in 
his opinion, would keep the port open, but the efflux of large 
bodies of water; and it was his opinion, that the reason of the 
port of Liverpool having been kept open so long, was its 
having a large estuary at Runcorn. 

Mr. J. F. Bateman said, reference had been made to the 
Clyde ; but there was nothing similar in the two rivers, except 
the susceptibility of improvement. The depositions in the 
Clyde were mica slate, and the sand was quite different. 


Mr. Lingard said, with regard to what Mr. Buck had said as 
to Mr. Telford’s opinion, he believed, was not quite correct, as 
Mr. Telford’s opinion was, that it was not desirable, as the 
expense of doing it would be more than the advantage. Now 
though Mr. Telford might be a clever engineer, yet Man- 
chester gentlemer would be better able to come to a decision, 
if he would tell them the expense. Mr. Buck, in reference 
to the Victoria Channel, had said, it was much better to have 
ene good channel than three bad ones. That was exactly in 
accordance with the views of Mr. Palmer. There were a 
good many channels in the estuary, and he wished to have 
but one, and force the water out. Then with regard to the 
water of the Ouse, Mr. Buck stated, that the cases were not 
at all analogous. Mr. Palmer did not state them as being 
analogous ; but what Mr. Palmer said was, that the same opi- 
nions were held by the parties there, that were now enter- 
tained by the partes at Liverpool; but these operations had 
not been verified in carrying out the work. Mr. Gibb had 
asked a question as to the nature of the deposits; and Mr. 
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Fairbairn said, the accumulation at the mouth of the river 
was generally, if not entirely, borne down by the floods. 
That had not been answered, and he thought it desirable it 
should be. Mr. Hawkshaw had stated, thatthe estuary was 
considerably wider than it was formerly ; but from some charts 
of it as it was a hundred years ago, he believed the width to 
be nearly the same. 


Mr. Hawkshaw said, he did not mean that the water space 
was wider, but the banks had been thrown down. 


Mr. Bateman said, he quite agreed with Mr. Palmer as to 
the Ouse: but the analogy did not hold. It was merely done 
to drain some fen lands. The parties at Lynn were afraid, 
that the greater scouring power obtained would wash away 
the banks; but the result turned out different, for the river 
left the quays. 


Mr. Buck said, there was no analogy between the Ouse and 
the Mersey below Runcorn; but it was precisely what Mr. 
Palmer proposed to do with the other parts of the river, as 
he intended to cut across the tortuosities of the river above. 
Mr. Lingard had misapplied his argument, when he said one 
good channel was better than several bad ones. He thought 
it better that the channels in the estuary should be separated, 
as, if they confined them to one, he had not the slightest 
doubt it would silt up. If the operation of silting had been 
going on, no doubt there would have been seen a great al- 
teration in the course of a man’s life. 


Mr. P. Clare said, he was very glad to hear Mr. Buck al- 
lude to the mouth of the river. He thought that was one 
of the most important points to be considered. In reference 
to the deposition of silt from the water, he apprehended that, 
during the time the water was falling, very little deposition 
was going on; and that it was when the water was at rest, 
that the greatest deposition took place. Now, if they con- 
sider the mode in which the water fell into the estuary of the 
Mersey, he apprehended that at the commencement of the 
flood tide the flow of the water at the bottom of the river 
would be nearly at the same velocity as at the surface ; and 
at length the water would all flow upwards, then after that 
a straightness would take place, and the whole water would 
be at rest, and then it was that the deposition took place. 
Now he apprehended that the mass of sand which was at the 
mouth of the Mersey, was in a great degree occasioned by 
the estuary of the Mersey ; and he thought it was very pro- 
bable, if the Mersey was scoured in the way proposed, that, 
instead of the large accumulation of sand w ich now existed, 
there would be a much less accumulation. The tide came m 
from the west, at right angles to it. He apprehended that the 
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water which was filling up above the sand banks towards the 
sea, was supplied by a lateral current, and that this supply of 
water at the surface would prevent the water at the lower part 
being in motion as s00n â$ it otherwise would. 


The discussion was then adjourned to Thursday Evening, 
February 18th. 


oe 


— —' 


ADJOURNED CONVERSAZIONE, Feeruary 18TH, 1841. 
Mr. CoNSTERDINE in the Chair. 


The Chairman, in commencing the proceedings, said, gen- 
tlemen would be aware that this was a second adjournment of 
the conversazione, arising out of Mr. Lingard’s reading of Mr. 
Palmer’s survey of the rivers Mersey and Irwell, with a view 
to their improvement. Many gentlemen were present w ose 
opinions they were desirous to hear ; and it would be desirable 
for each to be as brief as possible, and to confine himself to the 
subject of the improvement of the rivers Mersey and Irwell. 
He then called upon 


Mr. Joseph Radford, who said, the additional depth to be ob- 
tained in the river, between Manchester and Weston, to attain 
ten feet water, had alarmed many persons as a very heavy un- 
dertaking. He wished to state, that the powers of steam 
dredging were very little known in this part. Mr. Lingard 
gave an example of a sale removing 700 tons per day, an 

e (Mr. Radford) had much pleasure in bringing before them 
some valuable facts connected with the peg ae An experi- 
ment was made in the king’s moorings, off Woolwich Dock- 
yard, bya Mr. Hughes, for 14 days. The quantity excava 
and lifted by 30 horses’ power, from an average depth of 30 
feet, was at the rate of 2000 tons a day. He found another 
example on the Caledonian canal, of a boat of 10 horses’ power; 
lifting 1500 tons a day ; and another example, in 1816, of a 
dredge boat lifting 2570 tons in ten hours, at the East India 
Dock-gates, in a contract with the Corporation of the Trinity 
House. He had here a model of a river boat, made by the 
son of his partner, Mr. Edward Radford. She was called the 

hester, and plied between New York and Albany. Her 
Jength was 209 eet 10 inches, 24 feet beam, and 8 feet 6 inches 
depth of hold; and she drew four feet water, With an average 
load of gers. She made the passage from Albany to 
Neu York, on the 14th June, 1837, in ten hours and one mi- 
nute, the distance peing 150 miles. Her average speed Was 
upwards of 14 miles per hour ; and her greatest speed, 16 miles 
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and a halt. Such a vessel, with the present locks in the Mer- 

sey and Irwell lengthened, could take passengers—a_ thousand 

passengers at once—from Manchester to Liverpool ; and, in 

Mr. Stephenson’s work on engineering in America, amongst 

vessels of this kind which were mentioned, was the Giraffe, 

which was 175 feet long, 26 feet beam, and only 4 feet draft. 

He thought these facts very encouraging, as to the passage of 
large vessels, with a small draft of water, in our own river. It 
appeared, from the proceedings of the last conversazione, that 
a little misunderstanding existed as to what Mr. Palmer recom- 
mended ; for, although he talked about an alteration of the 
estuary from Weston Point to Liverpool, and 34 pages were 
devoted to his reasoning, he did not find any recommendation, 
or any particular description of the plan of the improvement, 
until they opened page 36, where he said, At present the ex- 
tent of the improvements I have to recommend, reaches no fur- 
ther down than Weston Point.” But they occupied the whole 
of their time last evening in discussions upon the estuary. Mr. 
Buck had stated that he approved of Mr. Palmer’s plan, as far 
as the improvement was proposed between Runcorn and Man- 
chester ; but a difference of opinion was expressed concerning 
the entire estuary. Now, on an examination of Mr. Palmer's 
plan, he thought they could show that the distance from Run- 
corn to Weston was so inconsiderable, compared with the whole 
estuary, as to leave very little to differ about. He should wish 
to know whether Mr. Buck objected even to this small altera- 
ou which was included in the distance between Runcorn and 

eston. 


Mr. J. F. Bateman said, at the request of Mr. Fairbairn, he 
had been induced to bring forward his report on the improve- 
ment of the Mersey and Irwell navigation, to which that gentle- 
man alluded in his letter. It was prepared last spring, after 
an Investigation he had been induced to make on the improve- 
ments which might be effected in the river at Runcorn ; but it 
was withheld in consequence of the subject being then under 
investigation by Mr. Palmer. Mr. Bateman then read the re- 
port, of which the following is a copy. 


RUNCORN GAP. 


To the Company of Proprietors of the Mersey and Irwell 
Navigation. 


“ Gentlemen.—In my recent investigation at Runcorn, and the 
best means of improving the navigation there, I was led io che con- 
sideration of the general improvement of the river Mersey, and 
particularly of that part which lies between Runcorn and Warring- 
ton. A mode of effecting this in a manner which appeared io me 
likely to be beneficial to every party interested, suggested itself; 
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and, in the belief that it is deserving your attention and considera- 
tion, I take the liberty of laying it before you. 


«The improvement of the river for navigable purposes is a sub- 
ject of great importance to the proprietors of the navigation—to the 
town of Warrington, and to all who ean participate in the advan- 
tages which may be expected to result. It is a subject which has 
frequently excited the most serious attention, and it appears Te- 
cently to have been taken up with a spirit from which some practi- 


cal and useful result may be confidently expected. 


The river possesses within itself the means of very great im- 
rovement; and I am convinced, tbat, if these resources were 
sufficiently investigated and developed, no great length of time 
- would elapse before we should see vessels of three or four times the 
present burden, unloading their cargoes at the quays of Manchester. 


“It is becoming of daily increasing importance, when we con- 
sider the vast impetus which must be given to the trade of Man- 
chester and its neighbourhood, by the many important railroads 
which are now constructing—the great increase in the carriage of 
merchandise which may consequently be expected—the important 
benefits which the Inland Bonding Bill, if suffered to pass into a 
Jaw, will confer upon the town, and the probable increase in the 
carriage from that cause also—with the necessity of carrying the 
facilities of inland navigation to the highest pitch of perfection, in 
order to cope with the powerful rivalry of collateral railroads. 


The river, as far as the navigation extends, may be considered as 
naturally divided ‘nto three parts; from Liverpool to Runcorn ; 
from Runcorn to Warrington ; and from Warrington to Man- 
chester. 


« The first is a wide and open estuary OF inlet from che sea, navi- 
able at high water of all tides, ſor vessels of considerable burden; 
and being Ton its nature susceptible of little improvement bevond 
the deepening and straightening of the channels. At high water, 
it is for the most part from two to three miles in width ; but, at low 
water, the channel is generally not more than 200 or 300 yards. 
Upon this portion of the river, steamers ply regularly at every tide, 
between Liverpool and the various canals which enter the river near 
the town of Runcorn, for the conveyance of goods and passengers, 
and for tugging vessels ; and it forms the utmost extent to which 
the natural navigation of the river, assisted by the tides, can be 
regularly and certainly made. 


«The second division forms the upper end of the estuary, sepat- 


water, both above and below. It is nearly a mile wide at the lower 
end, and terminates upw in the ordinary channel of the river, 
which is probably about a hundred yards in width. It is only 
navigable at high water of spring tides, for vessels of more than 
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40 or 50 tons burden, and has been found so beset with incon- 
veniences and difficulties, that the navigation of it has been ncarly 
abandoned, artificial canals having been constructed inland, for the 
purpose of carrying on the communication. 


“The third portion lies above the reach and influence of the 
tides, and is strictly an artificial river navigation, having been ren- 
dered available for that purpose by locks and weirs, to she town of 
Manchester, and shortened and straightened in various parts by 
artificial cuts. It is only now, however, capable of being used by 
vessels ordinarily about 40 or 50 tons burden, drawing about four 
feet of water. The depths of the pools vary considerably, being iu 
ey cases l0 or 11 feet, and in others not more than four or five 
eet. 


“The navigation of this part is capable of being greatly im- 
proved, and way be adapted at a reasonable expense to the convey- 
ance of vessels of 150 tons burden, or probably more. 


“Several bridges would prevent the passage of high-masted 
vessels; but all steamers, and such vessels as could sufficiently 
lower their masts, might make the entire navigation. This is per- 
haps now of less importance than it would formerly have appeared, 
as, from the rapid progress steam navigation has recently made, we 
may reasonably expect a very large proportion of the trade will be 
carried on by that means; while, to a considerable extent also, 
vessels expressly adapted to the circumstances of the navigation, 
would no doubt be constructed. A survey for the purpose of re- 
porting the most effectual means of accomplishing the improve- 
ment of this part of the river is now in progress, and I have litle 
doubt the report will be of a satisfactory nature. 


“ The main difficulty in the way of a general improvement to 
the town of Manchester, so as to take vessels of the size above 
mentioned, appears to exist in the inconvenient state of the navi- 
gation between Runcorn and Warrington ; and it is to the im- 
provement of that portion of the river that my attention has been 
particularly drawn, and to which I shall confine my observations. 


“ Whether any definite plan for the improvement of this part, 
or the removal of its natural difficulties, has ever been proposed, | 
am notaware but from the opposition which all attempts to carry 
bridges over the estuary at, or above, Runcorn Gap have been 
met with, and from the jealousy with which any encroachment on 
the tideway has been watched, the general impression seems to hare 
been that it was necessary to keep it in its present state,—that of 
an open unobstructed tidal river. 


“ I rather think there has been, generally, a kind of vague idea, 
that some important plan of improvement would sometime or otber 
be projected, and an apprehension that any alteration in the nver 
might tend to prevent the accomplishment of the anticipated 
scheme; and, therefore, all parties have been particularly anxious 
to keep it in its natural and original state. 
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“ The examination I have made of the river with iuformation 
obtained respecting it, and a careful consideration of all the circum- 
stances connected with it, have led me, however, to the conclusion 
that so long as the river above Runcorn remains an open estuary, 
washed over by the tide, it will be impossible to effect (except at 
an enormous expense) any advantageous or permanent improve- 
ment. 


“The main difficulties under which this part of the navigation 
labours, are want of sufficient depth of water to carry vessels of 
any size up to Warrington, except during high spring tides—the 
short period of time during which it can even then be done—the 
circuitous and ever changing channels—-and the constant alterations 
of the sand-banks which are operated on and shifted both by tides 
and land floods. 


“ To remove these difficulties—to secure a constant and unchang- 
ing channel of sufficient depth to allow nearly all vessels to go up 
to Warrington at any state of the tide, that can reach Runcorn 
Gap—to give a longer period of time during which the navigation 
can be made—to do away with the danger and annoyance of being 
neaped on sand banks, as at present—and to do all at a reasonable 
and warrantable expense, and so as not to injure the navigation of 
the port of Liverpool, nor injuriously to affect any other interest, is 
the end to be desired, and the end which, I hope to be able to show, 
the plan I have to suggest will be sufficient to attain. 


“ have mentioned, that the width of the river at Runcorn Gap 
is about 400 yards, and it is bounded at each side by precipitous 
rocks. The tides here, even when pressed by strong winds, never 
rise more than 20 or 21 feet; and at low water the greatest portion 
of the channel is dry, there being little more than a few feet of 
water in any purt. 


“ The plan I have to propose is to throw an embankment across 
the river at this place, with proper and sufficient locks and flood 
gates te admit and discharge the tidal waters under certain regu- 
Jations. 


“Were the question merely confined to the best means of im- 
proving the navigation from Runcorn upwards, without reference 
to any effect to be produced below, a simple embankment or weir, 
with self-acting flood-gates to admit and impound the high tide 
water, with such Jocks as might be necessary for the navigation, 
would be all that would be required ; for by that means you would 
have a pool constantly filled, deep enough to float vessels to and 
has Warrington, at every hour of the day, drawing 12 or 14 feet 
ol water. 


*But it becomes a question as to how far the obstructiun to the 
flow of so much tidal water, with its scouring effect upon the chan- 
nel during ebb tide, would affect the entrance to the port of Liver- 
pool, or the navigation frum Liverpool to Runcorn ; and I am of 
opinion, that, unless measures were adopted to prevent it, an em- 
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bankment only, which would constantly keep up the water, would 
have an injurious tendency. 


“To prevent this, and for the purpose of always matntaining a 
deep channel (and I believe in a more effectual manner than can 
now be done), I would propose the construction of sufficiently ca- 
pacious flood-gates to discharge at half ebb of spring tides, when 
the most effectual scour is going on, the whole body of water 
which is impounded, refilling the pool at the next tide. 


„Having thus stated generally the nature of the plan, I will 
proceed to explain it more in detail, to point out what I consider 
its advantages, and to investigate the objections which, it appears 
to me, may be urged against it. 


“The average height of the tides at Liverpool over the old dock 
silt, is about 15 feet—the highest being about 21 feet, and the 
lowest 10 feet. These measured from low water are respectively 
about 33 feet and 23 feet. 

“ An 18-feet tide at Liverpool, being an average spring tide, and 
about 30 feet in the river, will rise about 15 fect at Runcorn, and & 
feet at Bank Quay, near Warrington. 


“Such a tide will allow vessels drawing 13 feet to reach Run- 
corn, and such as draw 8 feet, about 100 tons burden, to go for- 
wards to Bank Quay. A neap tide will scarcely bring a vessel 
drawing 8 feet to Runcorn, and it will carry nothing at all (but a 
flat, perhaps) to Warrington. 


“The average of vessels drawing the greatest depth of water 
which reach Runcorn, may probably be taken at 10 feet, varying 
from 100 to 200 tons burden; and this size includes nearly all 
the Coasters, those engaged in the Irish provision trade, and 
Steamers. 

At present, such vessels can only get forward to Warrington, 
at the very highest spring tides, perhaps two or three times in the 
course of the year; but, by the plan suggested, they will be able 
to do so as often as they can reach Runcorn; and, when once at 
Warrington, all steamers, and such vessels as can lower their masts, 
may go on to Manchester, when the necessary improvements on 
that portion of the river are effected. 


„It seems that the difference in the depth of water between 
Runcorn and Bank Quay at high tide is about 7 feet. Of this 
I am inclined to think 4 or 5 feet is attributable to the natural 
declivity of the ground, and the remaining 2 or 3 feet to the fall 
in the surface of the flood tide, which, I apprehend, never at- 
tains the same relative height at Bank Quay as at Runcorn. If 
I ain right in this conjecture, the effect of an embankment will 
be as follows :— 


“ A tide rising 15 feet at Runcorn will (as 1 have shown before) 
give as the river is at present, 8 feet of water at high tide at Bank 
Quay ; but supposing this tide to be retained at Runcorn, and 
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prevented from flowing back, the water would gradually level it- 
self, by rising at Bank Quay, and falling at Runcorn; and if 
the width of the river were the same from one end to the other, and 
the difference to begin with was 3 feet, it would rise l foot 6 in- 
ches at Bank Quay, making the depth of water there 9 feet 6 
inches, and fall the same amount, 1 foot 6 inches at Runcorn, 
reducing that depth to 13 feet 6 inches. As the river, however, 
is much wider at the lower than the upper end, the fall at Run- 
corn would be less than half the amount of the difference, and 
the rise at Bank Quay more than half,—making the depth there 
probably ten feet. Suppose further, that the land or river water 
was allowed to flow into the pool, so as to raise the entire surface 
to the level of the original tide, 15 feet at Runcorn, which would 
occupy about a day and a half, there would be a depth of 11 feet 
at Bank Quay; and, supposing the river is then allowed to flow 
on through the pool as usual, we must add the fall or declivity 
in the surface necessary to give it the requisite velocity ;—this 
would be about 2 or 3 inches in a mile, and the distance being, 
say 7 miles, we should have an additional depth of from | foot 2 
inches to l foot 9 inches to add, making the total depth at Bank 
Quay from 12 to 13 feet, being a gain of from 4 to 5 feet depth 
of water. i 

“ As this depth is 2 or three feet more than is required to 
float a vessel of JO feet draught, it will be sufficient if we retain 
a tide rising 12 or 13 feet at Runcorn, or 15 or 16 feet over the 
old dock sill at Liverpool. It is of importance to mark this, 
as you will perceive by observations I shall have to make upon 
the scouring power I propose to substitute. 


“ Laying aside for the present any consideration of the effect 
which may be produced below Runcorn, I can see no objection 
which can reasonably be urged against it, but the possibility of the 
river gradually silting up, by the deposition of material brought 
down by floods. The mode I have to suggest of scouring out the 
channel, will, I think, almost entirely remove the possibility of this 
being the case, in the navigable channel; but, even without that, 
I do not think it wonld have such an effect. The river would 
maintain its course and current along the deep, depositing whatever 
it might bring down on the sand banks and shallows at each side, 
where there would be little or no current, thereby gradually raising 
and preparing for agricultural purposes, an unprofitable waste of 
sands, washed over now by every high tide by which they are fre- 
quently removed and carried into the deeps. 


“ I know many instances of rivers maintaining a distinct course 
through large lakes; but two, which must be familiar to nearly 
everybody, will be sufficient to mention. The Rhone through the 
Lake of Geneva, a distance of 37 miles, and the river Bann, for 18 
miles through Lough Neagh, in Ireland; each river maintaining 
a deep and distinct channel through the entire length of lake. The 
Rhone, however, and, I have no doubt, the Bann also, forms a delta 
on first entering the lake. | 
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« think that, generally, the channel would be improved; and 
if deposit was to take place in the upper part of the estuary, where 
the river would first enter into comparatively still water, it might 
easily be removed by dredging. 

“The benefits to the town of bli in particular, must be 
too obvious to need any remark. The Sankey Canal would obtain 
a much better entrance than it has now; and the Mersey and 
Irwell Company would have so much of their navigation perma- 
nently improved, and rendered available for a large class of vessels, 
which they may then take on to Manchester. 


“ We now come to consider the effect which may be produced 
upon the channel below Runcorn Gap, and upon the entrance to 
the port of Liverpool. 


“ It would be of little use to suggest plans for the improvement 
of the upper part of a river, if the mouth were to become so choked 
up that no vessels could enter; and, in the maintenance of a good 
entrance to the port of Liverpool, the Mersey and Irwell Canal 
Company is as vitally interested as any party can be. 


“ I hope to be able to show, that, so far from the suggested works 
being likely to do injury, they will assist in scouring out and 
deepening the channels all the way out to sea. 

“ Much evidence was given, in the trial betwixt the Old Quay 
Co. and the corporation of Liverpool, in 1837, relative to the scour 
of the river; and from that it appears, that the most effectnal iu 
cleansing and deepening the channels is that produced by the ebb 
tide, when about half down, and the land floods; the latter losing 
much of their power, however, in the lower part of the estuary. 


“ As this accords strictly with my own observation, and the in- 
formation of those connected with the river and daily navigating it, 
I have no hesitation in taking it as the fact. 


“ It appears, then, that the early part of the ebb tide is of little 
service in improving the navigable channels of the river; and in- 
deed this must be obvious, when it is considered that the water is 
then running with pretty nearly equal velocity over the whole bed 
of the river, and removing probably more sand from the banks into 
the channels that it carries out of them. 


“ Now, if any considerable portion of the water that is thus 
wasted, as it were, could be retained until the tide was half down, 
and then set at liberty, it would have the effect of keeping up the 
river for some hours longer at the most effectual scouring point, 
and be thus enabled to work deeper into the channels, and carry 
the sand or silt removed further ont to sea. 


“I think I can make it clear, that this will be the result of the 
scheme proposed during spring tides; and that, during neap tides, 
or whenever prevented from flowing beyond the gap, the water will 
rise higher at Runcorn than it can now, and consequently increase 
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the velocity of the ebb. In either case there will be a strong ten- 
dency to improve the channels both above and below Liverpool. 
The estuary, to begin with, will contain nearly, if not quite, as much 
tidal water as it does now, and under regulations which will render 
it of more effectual service, while eventually the improvement of 
the deeps will enlarge its capacity. 

“ The upper part of the estuary and river, from Runcorn Gap to 
Howley Weir, at Warrington, containing at high water of spring 
tide (including Halton Marsh) about 1,300 acres, is about 1-17th 
of the entire area of the estuary above Rock Perch. In spring 
tides, at high water, it contains from 1 30th to 1-25th, and in neap 
tides from 1-50th to 1-40th of the whole body of water. 


“Mr. Giles, in is evidence for the corporation at Lancaster in 
the suit before referred to, calculates the contents of the river at 
ordinary spring tides, frum Runcorn to Warrington Bridge, at 10 
$ million tons, or about 13,733,000 cubic yards. As a 15-feet 
tide at Runcorn falls 8 feet to half ebb, considerably more than half 
the quantity has flowed out before that time, so that the remainder, 
say six million cubic yards, is the only portion that is effectually 
employed in scouring the deep. As this is six hours in ebbing 
out, the velocity becomes so trifling towards the end as to be in- 
effectual. 


“ In neap tides the effect is proportionably less. 


“ The late Mr. Nimmo, in his evidence for the company in the 
same cause, gives from actual measurement the ordiuary flow of 
the river above Warrington, and the depth of a very heavy flood 
a Woolston weir, from which J have been able to ascertain its 
volume. 


“From Mr. Nimmo’s observations, the fair average of the ordi- 
nary quantity may be taken at 40,000 cubic feet, or 1,480 cubic 
yards per minute. 


“The flood appears to have been about 580,320 cubic feet, or 
21,493 1-3 cubic yards per minute, or nearly one million and a 
half an hour.—probably nearly equal to the tide a half ebb. It 
was running at the rate of 113 yards in a minute, or uearly fuur 
miles an hour. 


“It is half ebb at Runcorn rather earlier than at Liverpool; and 
from half ebb to the commencement of the flood tide at Liverpool, 
there is about three hours. It is during the period that I would 
propose to discharge the water which would be retained above our 
embankment. 


“I have stated, that a 15-feet tide at Runcorn has fallen eight 
feet, or to half ebb. If flood-gates were constructed in the bank, 
60 yards in length, S feet in depth, and opened at half ebb so as 
to obtain an average pressure of eight feet to the bottom of the 
discharge, the quantity discharged in the three hours would be 
nearly six million cubic yards, or about the whole quantity now 
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contained in the estuary with a similar tide at half ebb, and requiring 
six hours to flow out. 


“ If the discharge sluices occupied 100 yards in length, instead 
of 60, being then 1-4th of the width of the gap, the discharge in 
the three hours wuuld be more than nine millions and a half cubic 
yards, being half as much again as all the water now left in the 
estuary at half cbb, aud more than 2-3ds of the whole contents 
measured at high water of spring tides, and nearly equal to the 
whole quantity at half ebb added to three hours of such a floud as 
Mr. Nimmo mentioned. The discharge would be at a velocity of 
10 feet per second, or nearly seven miles an hour. and would, after 
mixing with the other water, maintain a velocity of three or four 
miles, which is much greater than the mean velocity after half ebb at 
present. 


“ There cannot be a doubt, I think, that, under such regulations, 
the scouring power would be greatly increased ; and, while below 
the gap. the direct force of this power wuuld be employed in deep- 
ening the channel and carrying out the sand and silt to sea, the 
velocity of the current above the gap would be so mueh increased 
and confined to a particular direction, that the channels there would 
also be deepened, and any casual deposit carried out ; so that, inde- 
pendent of other improvements, the channels of the whole river 
would be improved from Warrington to the sea. 


“After these discharges the poo] might be refilled at the next 
tide, or whenever the tide rose more than 13 feet at Runcorn. At 
the lowest spring tides, for three or four days together, and at the 
highest, for seven or eight days together; perhaps twice each day; 
but at any rate, every alternate tide, and even much less frequently 
than this would, I am satisfied, be found amply sufficient. 


“ The next point is, that, by the tides being prevented frum flow- 
ing beyond Runcorn Gap, they would rise higher there, and, by 
thus attaining a greater head or elevation, which will be an addi- 
tional advantage, would produce an increased velocity in the ebb. 


“The tide flows past Runcorn at the rate of five miles an 
hour; and if stopped there by an embankment, and prevented 
from flowing up to Warrington, and filling that part of the 
estuary, the momentum, which impels it forward for an hour 
after it has turned at Liverpool, would cause it to impound in 
front of the embankment. From calculations I have made, I 
am disposed to think that the additional rise would probably be 
about 1-20th of the total depth of water, or from four to nine 
inches, according to the height of the tide. This amount, small 
as it appears, would be of service in neap tides. 

“I have now, I think, gone over the main points which ap- 
pear to me materially to bear upon the question; and I hope 
I have succeeded in explaining them in such a manner as to 
render them intelligible, and enable you to understand my views. 


“If J am any thing nearly right in the data I have taken, 
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and the conclusions I have drawn from the calculations I have 
made, the advantages in every point of view must be consider- 
able ; nor are these advantages confined to the navigation only ; 
the adjoining landowners may reclaim a large portion of the 
land above Runcorn, which is now covered at high tides; a 
good road, with draw or swivel bridges over the locks, may be 
formed on the top of the embankment, and thus join the two 
counties of Lancaster and Chester in a very much superior and 
more convenient manner than is now afforded by the dangerous 
and inconvenient ferry. Even a railway viaduct, if carried at 
a sufficient height, would then be no objection ; and many miles 
of railway travelling might be saved to the London and Liver- 
pool traffic, by crossing here, and joining the Grand Junction 
at Prestonbrook. 


“It only remains to explain shortly the kind of works which 
would be required, which willbe facilitated by reference to plates 
iv and v. 


* The width of the strait at Runcorn Gap is about 1,250 
feet. The bed of the river consists of about 35 feet of rock on 
the Cheshire side, dry at low water ; about 745 feet of sand and 
silt in the middle of the river, extending, I believe, to a consi- 
derable depth, partially dry at low water ; and about 470 feet of 
solid rock, all above low water, on the Lancashire side. The 
rock extends inland on each side, rising considerably, particu- 
larly on the Cheshire side, above high water level. 


“J would propose to construct two sea locks in the rock on 
Cheshire side ; one 180 feet by 40 feet, and the other 120 feet 
by 30 feet, with hydraulic gates, so that they may be self-acting, 
and used for the purpose of scouring. In the rock on the Lan- 
cashire side, I would recommend the construction of the self- 
acting flood-gatea, and between the limits of high and low 
water there is ample space for ten, with 20 feet clear openings 
in each ; the gates to be revolving on an upright axle, placed a 
little on one side of the centre, so that one leaf of the gate 
should be rather lar ger than the other. The gate, of course, 
must open only one way, the larger half turning up the river: 
when therefore, the flood tide rises higher than the surface of 
the water on the upper side of the gates, the pressure being 
greater upon the larger leaf than the smaller, the gate opens, 
and the water is freely admitted. When the tide has reached 
its greatest height, and begins to fall, the pressure is then re- 
versed, and the gate closes, retaining all the water that has 
flowed past the embankment. To open the gate, and discharge 
the water, en masse, various methods might be adopted. The 
simplest, perhaps, would be to draw up out of the larger leaf a 
paddle of sufficient size to make the smaller leaf expose a 
greater surface to the pressure of the water, when, of course, 
the gates would open by the down-stream pressure, as they 
would in the other case by the up-stream pressure. The pad- 
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dles may be worked by self-acting balance weights, or by a 
water wheel set in motion by the fall of the tide, so as to make 
the whole self-acting. The water, after its discharge, may be 
directed by proper jetties into the channel required. 


“ Over the intermediate space of sand and silt, betwixt rock 
and rock, I would propose an embankment composed of rock 
and earth, in the manner shown in the drawing ; the centre of 
the bank of puddled earth or clay ; and the other parts of rock 
faced with heavy squared pitching, brought up from low water 
in a curved manner, as shown in the drawing. In order to se- 
cure as far as possible, or necessary, the water tightness of the 
bank, I would recommend a row of sheet piling, perhaps 25 or 
30 feet deep on each side of the puddle wall in the centre of 
the bank, and at the foot of each slope another row of shorter 
piles, to prevent the pressure of the bank forcing out or blow- 
ing up the sand foundation. 


6A carriage road to be formed over the whole, passing over 
the locks by draw or swivel bridges, and over the sluices by 
stone or wooden arches. 


This plan, with 15 feet of water impounded, would afford 
a sectional arca of discharge of 5,970 square feet. The calcu- 
lations in my report are made upon an area 2,400 square feet 
only, so that, if by that amount the scouring power was trebled, 
it would, by using all the means which the locks and sluices of 
the plan just detailed afford, be increased more than sevenfold. 


“ At a ten- feet tide at Runcorn, the sectional area of the 
stream is now about 9,800 square feet. The locks and sluices 
would afford at the same height about 4,120 square feet. Al- 
though this is less than half the present sectional area, a differ- 
ence in level of considerably under a foot would so increase the 
velocity through the sluices as to pass the same quantity of 
water.” 


He might perhaps mention, that the first effect of this scour- 
ing might be injurious to the bar at Liverpool. The embank- 
ment would be so at this point—[See the section of the river 
at Runcorn Gap, plate iv]. The tide would be allowed to fall 
eight feet before it was discharged, and no doubt the sand would 
be carried out to the deep part. Such an immense body of water 
was impounded above the estuary at Liverpool, that, in order to 
accomplish a passage for itself, it had excavated the ground to a 
great depth; and, notwithstanding the enormous quantity of sand 
brought down, the velocity of the current was sufficient to 
carry every particle past Liverpool, leaving a bare hard rock 
channel 89 feet deep. The sand was all carried out, and was 
not deposited again until eight miles below the Rock Light- 
house. Therefore whatever was excavated from the estuary 
above Liverpool, would be carried down to the deep part at 
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Liverpool. The velocity at Liverpool was about seven miles; 
down at the bar, about two miles; and it seemed that, when 
the velocity was so small, the sand deposited itself at this bar, 
and it might require constant dredging and other precaution- 
ary measures on the part of the parties interested in the port at 
Liverpool, to keep it in its present state; but, eventually, the 
scouring from the upper part of the estuary would increase its 
capacity, and every tide that flowed would bring in a larger 
quantity of water ; the same quantity having to flow out, the 
scouring power would be increased, and the bar removed fur- 
ther into the sea. The greater the momentum, the further was 
the sand carried out, and they must take the harbour of Liver- 
pool as they found it. If it was a new thing to make a chan- 
nel to the sea, then he had no doubt Mr. Palmer’s plan would 
work as well as any other. But they found sandbanks carried 
out eight miles, and they must not decrease the velocity up to 
that point, as, if they did, the sand would gradually silt up 
towards Liverpool, and the whole of the harbour would even- 
tually become choked. 


The chairman then introduced Mr. Ritson, who, he said, was 
a gentleman of considerable nautical experience. 


Mr. Ritson said, he did not expect to be called upon, because 
his knowledge of nautical affairs did not apply exactly on the 
present occasion. The case before them was one connected 
with the navigation of the Mersey from the entrance of the river 
to Manchester. He considered this question to be of great im- 
portance, involving matters of a serious nature, both as regarded 
Liverpool as a port and as the handmaid to Manchester, and 
also of great importance to Manchester as a town. As far as 
his observation had gone, with reference to the tides, he would 
give it to them ; and probably from it they might judge whether 
the navigation to Liverpool would be affected by the contem- 
plated project now before them. It had been stated in that 
room, and properly so too, that the tidal wave flowed from the 
western ocean in the first instance. It first struck on the French 
coast, Scilly Island, Land’s End, Cape Clear, and Toree Island, 
all at one and the same time, making high water at these points 
somewhere about half-past four o clock. It proceeded then re- 
gularly, with some interruption’ as it regarded Chepstow, up to 
Milford. Between Milford and Tuscar there was an irregularity 
in consequence of the contraction of the channel. The chan- 
nel between Milford and Tuscar was 30 miles across, and the 
depth 40 fathoms. This was one portion of the south entrance 
to the Irish Sea. Between Mull and Kentare, on the Irish 
coast, the average depth was five fathoms, and the water, coming 
in between these points, occupied a space of 15,000 miles 
and three fathoms deep ; and it was a curious fact, that, as the 
tide flowed up from the Western Ocean, in the manner he had 
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described, that the water on the Welsh shore, and on the Eng- 
lish shore, rose to the height of four fathoms; while, on the 
Irish coast, the vertical rise was only two fathoms. Conse- 
quently, they had all the advantage, on the English side, of a 
greater vertical rise ; as, when it was high water on this side, 
in some places, it was high water at the same time on the other 
side. It also threw in an inexhaustible supply of water. The 
quantity of water thus thrown in, aided by the pressure of the 
wind, which had a serious and important effect, for practice, 
one ounce of which was better than a pound of theory, had 
shown that the water thrown up into the Irish Sea by the south- 
west winds, (and winds prevailed from the westward near nine 
months out of twelve in this hemisphere, and they would fre- 
quently observe that, during the south-west gales, the wind sud- 
denly shifted round to the north-west) caught, by the wind from 
the north-west, a great body of water at right angles, which 
had no means of escape but by coming into the estuary of the 
Mersey. The Mersey was nearly at the angle of the coast. 
The Lancashire coast, down at Lancaster, formed a line in that 
direction, so that the entrance to the Mersey was at the corner 
of the square, as it were. The quantity of the water thus 
thrown up into the Mersey would aid the very able project as 
stated by Mr. Bateman, as they would, by that means, get a 
large quantity of water up the estuary. He did not think, in 
reference to Mr. Palmer's plan, that it would be fair, in that 
gentleman's absence, to make any observations upon it; but, in 
an abstract view of the question, that gentleman would be per- 
fectly right, for they would want water. Water would be 
wanted, and more water still. ‘They might draw it from the sea 
by means of machinery, which would raise them water to any 
extent. Furthermore, there were the resources from the back 
country, Bolton, Bury, and that neighbourhood, from which, at 
a small cost, they might impound a large quantity during floods, 
Liverpool, and he said: it with honesty, was the handmaid to 
Manchester ; and he should be extremely sorry to see anything 
carried out that was detrimental to her interests. But every 
one must da the best fur themselves. The millions of money 
which had been laid out in Liverpool in docks and other accom- 
modations, and the very spirited manner in which her business 
was conducted, aided by Manchester, would make the two 
towns stand, as, indeed they did now, the first not only in this 
empire, but in the world. Her merchants, aided by Manches- 
ter, liad been the pioneers of our commerce; and he should be 
extremely sorry to see any thing done that might deteriorate 
her. The plan proposed, as far as the river was concerned 
above Runcorn, was by confining it in parallel lines. They 
would then get a sufficient quantity of water, and would clear 
away all the silt ; for he perceived, in looking at the plan, that 
the influx anf reflux of the tide caused eddies. These eddics, 
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at low water, became quiescent, and made deposits ; but, by 
narrowing the estuary, they increased the scouring power. But 
he would call their attention to another point, which Mr. Rad- 
ford had alluded to,—the case of the de ing machine. He 
would travel, in this instance, as far as the Thames on the one 
hand, and thẹ Clyde on the other. The Clyde was now ren- 
dered navigable by the dredging machine; and the Thames 
was navigable above and below bridge, to a great extent, by it. 
He did not need, ia that room, to make an objection as to the 
Mersey being stopped up ; for, so long as rain dropped from 
the clouds, the hills remained where they are, and the tide 
flowed in the sea, they could never stop up that river. The 
river Mersey had been a river ever since the Romans came into 
this country, that was, for 2000 years; and he had seen a plan 
of the river as it was at that time; but he would give 400 or 500 
years, and say the river had been open for navigation 1500 
years; that was saying a great deal, but he believed it to 
be the fact; and was it to be supposed, that what they could do 
now would affect it, when they looked at the Victoria Channel ? 
He could remember the time when they could not enter by that 
channel. By the dredging machine they could keep the navi- 
gation open, and there was no necessity to use any others 
means. 

Dr. Black said, there had been considerable difference of 
opinion as to the nature of the deposits. He liked practical 
matters ; and he wrote to a correspondent last Saturday to send 
him up a sample of the deposits both from Runcorn and the 
mouth of the estuary at Liverpool, which he now laid before 
the meeting. One was taken at low water from the deposits 
by the Rock Lighthouse, and the other trom a mile below Run- 
corn, at low-water mark also. There was not much difference 
in their appearance. He had analysed that taken from the 
river at Liverpool. One half of it was siliceous sand, extremely 
fine, and the other half consisted of aluminous, carbonaceous, 
and calcareous matter. The other sample he had not had time 
to analyse. It seemed, however, to be nearly the same, but to 
contain more of the aluminous substance. If the sands came 
from the sea, they might expect to find in them, pure, some 
remains of marine productions. But, if they came down the 
river, they should find siliceous matter, and that which formed 
the basis of all clay bodies and calcareous matter; they might 
come from towards Cheshire and down the Mersey, and this 
matter would be from what was used for agricultural and other 
purposes. He had dried part of the specimen, which might be 
examined with a microscope. He would leave gentlemen who 
had a little knowledge of geology, and of the currents of the 
river, to judge from whence these deposits came. It was eas 
to account for them coming from the interior. A very small 
velocity in a river would carry matter a very long way. He 
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should merely make another observation, with respect to what 
Mr. Bateman had so very judiciously and mathematically stated, 
as to impounding the water at Runcorn, that it would seem that 
nature had anticipated him. It appeared to him, from the ar- 
rangement of the rocks at Runcorn, that the water had once 
been impounded there. On the Cheshire side they were the 
same us on the Lancashire side; and it appeared, that in pro- 
cess of time, the attrition of the water had worn away these 
rocks, and there appeared to have been an elevation there by 
some revolution of nature. There appeared to him every rea- 
son to suppose so from geological appearances ; and that Mr 
Bateman had been anticipated by nature some 4,000 or 5,000 


years ago. 


Mr. Thomas Hopkins said, he had partly read and partly 
heard the discussion which had taken place on that subject in 
that room, and had felt a strong degree of interest in it ; but he 
should not have said any thing, if he had not found, that, during 
the whole discussion, one point had been, not overlooked, but 
rather assumed. He alluded to the possibility of excavating 
the Mersey, as far as the tide proceeded at present, or some- 
where thereabouts. It had been alluded to as though it would 
be impossible to do it. He presumed that the impossibility 
would be the great expeuse; but if it were possible, looking at 
what had been done at other places, it would appear that that 
was the best course. They had been told, that dredging 
machines were capable of excavating to an enormous extent, 
at a comparatively moderate cost. Now, supposing it to be 
possible, if they were to excavate a new channel from the estu- 
ary alittle above Runcorn up to Warrington, at a moderate 
expense, it would be beneficial in accordance with what had 
been done at the Clyde. It was stated, that the tide rose seven 
feet at Bank Quay, and fifteen feet at Runcorn. If the river 
were excavated there to a moderate depth, if this were practi- 
cable, it would remove the objection arising from the apprehen- 
sion that the river beyond Rock Perch would be blocked up. 
It was generally admitted, that the quantity of water which fell 
into the Mersey and out again, constituted the scouring power. 
Now, if they excavated the bed, they would have an ad- 
ditional quantity coming in and afterwards carried out, and 
consequently the scouring power would be increased. In Mr. 
Bateman’s plan, though provision was made that the water 
would flow out in sufficient abundance to scour the river below, 
yet he could not perceive that he had made provision for the 
flow in of the water through his locks. He apprehended there 
would be sufficient pressure above to drive the water out; but 
when the tide was coming in, he would not have an equal pres- 
sure; and therefore he apprehended, that the flow upwards 
would be impeded. He rose principally for the purpose of sug- 
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gesting the practicability of excavating the river a long way up, 
say as far as Warrington; and some persons present, he knew, 
had been surprised that that point had not been more dwelt 
upon. 

Ppir. Heelis said, he would have been sorry to have obtruded 
himself, if he had not felt capable of throwing some light upon 
the subject; not from his own knowledge, but from that of 
other parties. He would address himself for a few moments to 
what Mr. Hopkins had said. He believed that between Run- 
corn and Warrington it would be found that the meanderingof 
the river was such as to render it undesirable to take the course 
he recommended. He then referred to opinions which had been 
given by Mr. Telford and Mr. Nimmo, the substance of which 
was, that the effect of back water varied in each particular case, 
and that there were few more difficult subjects for engineers to 
give an opinion upon. The Liverpool gentry were not always in 
the same way, and it was exceedingly difficult tocatch what they 
would be at when their interest was concerned. He held in his 
hand a bill dated 1837, for better improving the port of Liver- 
pool. It was proposed by that bill to invest the conservancy of 
the river in various commissioners, the chief portion of whom 
were from Liverpool ; and these commissioners intended to take 
power to do a variety of things. First of all there were to be 
mark stones, which were to designate high-water mark at 29 feet 
3 inches; and then it went on to say, that parties might build 
up to this 29 feet 3 inches. The 24th clause was to give them 
power to alter divers embankments, and do a variety of other 
things, for the purpose of scouring and improving the river. 
It seemed, therefore, to him, that they were then not exactly 
satisfied in their own minds, as to whether the river should re- 
main in the same state. He perceived, by the papers, that there 
had been some difference of opinion as to the time occupied in 
the flowing and ebbing tide. He believed it would be found 
that it varied much at various places. At Runcorn, the flood 
was 24 hours, and the ebb 10 hours. There was one circum- 
stance he might mention. At the trial with the Old Quay 
Company, one of the most intelligent witnesses was a man of 
the name of l'eacock, who, he regretted to hear, had met his 
death by being carried away by the velocity of the flood tide. 
He was knocked overboard; and, though the water was not 
more than up to his middle, he was absolutely carried away. 
Now, he thought Captain Denham would have great difficulty in 
making them think, that the velocity of the ebb tide was such 
as to cause loss of life. Then, it had been stated, and prett 
broadly, that the Grand Junction Railway was an obstacle whi 
could not be got clear of. But he would suggest that it was 
possible to give the Grand Junction Railway Company what they 
had been for years wanting, and at the same time allowing them 
to make the navigation. They had tried several times to get 
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across the river at Marsh Gate, Cuerdley Marsh. Now Mr. 
Palmer, he found, intended to make his basin there; and it 
would be an easy matter to allow them to go over the river at 
that point, not perhaps at an elevation which would enable a 
sea-going vessel to pass under the bridge, but they might go 
over it by a drawbridge. He thought also it would be well, 
before this discussion was brought to a close, that there should 
be a right apprehension as to what Mr. Palmer had recom- 
m » in reference to getting over the difficulty at Barton. 
He was afraid there was a notion abroad that he considered it 
essential that they should go on a level with the Bridgewater 
Canal. Now he did not know, that he said any such thing. By 
the improvements which had been made in the construction of 
steamers, as sea-going vessels, they might reasonably hope that 
the aqueduct at Barton would not present any such great ob- 
stacle but such as a little good engineering might obviate. 


Mr. J. C. Dyer said, he had not read Mr. Palmer's report 
carefully through ; but it appeared to him, all things considered, 
the best plan that could be devised for improving the navigation 
for sea-going vessels to Manchester, and that it could be devised 
without damaging the port of Liverpool, and the consequent 
interests of the people of Liverpool. So far as an honest and 
fair ground of apprehension existed on the part of the Liver- 
pool people, the people of Manchester, as fair-minded men, not 
wishing to benefit themselves at the injury of their neighbours, 
ought to take the subject into consideretion, and not embark in 
any thing unless they were convinced that what they were going 
to do would not endanger the port of Liverpool, as by damaging 
it they damaged themselves. It was his humble opinion, that, 
by narrowing the estuary, they should not damage the port of 
Liverpool, but rather benefit it. He would call to their mind 
the simple fact that the quantity of matter which the water could 
hold in suspension was according to its velocity. When the 
water fell in, in large estuaries like this, there was a compara- 
tive stillness, and a diminished velocity; and consequently these 
particles were beginning to be deposited the moment the estt- 
ary widened, and the velocity, c uently, wae diminished. 
This, like all other estuaries, was rapidly filling up ; and it was 
in vain to tell him, that soundings had been taken, and that 
there was no perceptible change. Another circumstance should 
be borne in mind. If, by Mr. Palmer's plan, three-fourths of 
the water now brought into it also excluded three-fourths of the 
matter held in suspension, while they had the same scouring 
power from the uplands, then they should reclaim an immense 
tract of land, and make the navigation suitable for the wants of 
Manchester, without any way injuring the port of Liverpool. 
It had been stated, that Mr. Palmer’s plan was opposed by all 
the engineers: but he had occasion lately to speak to some emi- 
nent engineers, who spoke very highly of it. 


On the Mersey and Irwell Navigation 393 


Mr. Heelis said, he might be allowed to state, in corrobora- 
tion of what Mr. Dyer had said, as to the filling up of the estuary, 
that Mr. Whitty, in giving his evidence on the trial, deposed to 
the fact that, at Frodsham, where the tide had formerly covered, 
there were now cabbages standing. 


Mr. Goodman said, it had already been stated, that the in- 
coming tide was of considerably greater power than the out- 
going tide, together with the inland stream, tended to keep the 
river ata given depth; and it had also been stated, that the 
balance of the two powers was so equal, that, for a long time, 
the river had been kept at one depth ; and that, if there were 
no stream at all from the uplands, the river would speedily silt 
up; and he believed it was the opinion of every one present 
that, if there were merely a water stream, it would not silt up. 
He would suggest, that, if there were a given force of tide 
coming in, and a given force going out, if they diminished the 
quantity coming in, they would give the preponderance to that 
going out. It was obvious, that, by diminishing the estuary, 
they diminished the current inwards; and, the preponderance 
being thus given to the current outward, the scouring effect at 
the bar of the port would be increased. 


Mr. Bateman said, Mr. Hopkins had asked a question with 
respect to dredging. Of course it was perfectly easy to dredge, 
and he had no doubt a channel might be made to Runcorn by 
dredging. But dredging was an expensive process, and a great 
deal might be done by a proper combination of the natural re- 
sources of the river towards making it excavate its own bed. 
Engineers had varied much in opinion as to the best means of 
keeping open navigable rivers. Generally, however, but not 
universally, they had come to this conclusion, and carried on 
their operations on this footing, to embank the freshes and the 
river waters, and, by narrowing their channels, to make them 
excavate their beds, but to keep as large as possible the capacity 
for tidal waters in the bay. He must also explain as to the 
means he had provided for damming the water. He made his 
calculations on a 15 feet tide ; but it must be recollected, that, 
after the water had attained an elevation of ten feet, not another 
drop of water could come in, because the tide had turned at 
Liverpool, which Mr. Buck had so well explained. He would 
therefore, take it at ten feet. He was quite aware, that the 
same level would not be attained with a diminished water- 
way above the embankment that it would now. The sectional 
area of the river now, when the water was ten feet high, would 
be 9,800 square feet; the locks and discharge sluices would be 
4,120 square feet, not one-half; but the velocity would be so 
increased through the contracted openings, that nearly the same 
amount of water would pass through. Mr. Palmer alluded to 
the depositions being brought in from the sea, and said, he was 
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convinced that a quantity of the matter in the estuary had been 
brought in from the sea, and not from the uplands. Now, he 
had no doubt, that Mr. Palmer had considered that point atten- 
tively ; but he thought he had overlooked what became of the 
matter from the uplands. They knew well that every river 
abraded its banks. The whole of Holland was an accumulation 
of mudbanks. The Ganges sent its debris 300 miles out to sea. 
Egypt was the gift of the Nile, nearly the whole of that country 
being deposited from the Nile; and, in the Adriatic, there was 
a vast accumnlation of land. He then read several extracts from 
Lyell's Principles of Geology, in reference to this subject. 

Mr. J. C. Dyer would mention a ease of the formation of a 
delta by the river Somme, in France, which was, in many re- 
spects, analogous to our estuary. The outlet now was vay 
much like that ie ora by Mr. Palmer for the Mersey. 
very large aig A had been formed (such a one as we were 
to have from Warrington). At St. Baliere, where the open 
sends commenced, there was a bar. There the scouring power 
by the fresh water was very feeble indeed ; and the consequence 
was, that the navigable channel was ever shifting, and some- 
times the mouth oft the river was so blocked up that there was 
no getting in or out, without waiting for some favourable vari- 
gtion.in the wind and tide. The government had adopted, in 
conjunction with this canal, the plan of building a long pier on 
de side, where the shore was rather precipitious, and forming 
gand banks by driving piles and letting the sand bank form 
ſtself, keeping a channel perhaps 100 yards wide. This 
was being carried on every year; and, as the work advanced, 
the outlets to the sea were more and more open, and the navi- 
gation much more improved, and less and less liable to its former 
obstructions. He did not doubt, that the quantity of sand 
brought down by our small land-streams was inconsiderable, 
5 to the amount of debris every day brought in by the 


Mr. Gough, in corroboration of the opinion expressed as to the 
silting up of the estuary, said, his mother, who had been born and 
lived at Frodsham, had pointed out to him four fields which the tide 
formerly covered. 


Mr. Fairbairn said, as they were all agreed as to the practica- 
bility of making the river navigable from Liverpool to Manchester, 
the only question which remained was, whether they should do it 
or not. He was quite satisfied with regard to the advantages that 
would result to Manchester from bringing vessels of from 400 to 500 
tons burthen up to Hulme; but he had great donbts whether that 
would ever be accomplished in our time. However, they should 
investigate the question, and give it the best consideration in their 
power; He would give them a description of two iron steamers 
which had lately been built. They were each 145 feet long. two 
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feet six inches beam, and drew six feet. They each carried 121 
passengers, and 100 tons of merchandise, and had both sailed for 
Sydney. Now, he apprehended that vessels of this description 
might come ander Barton Bridge, and carry on a lucrative trade 
with a pi of Ireland and the British Islands; and provided 
they the screw propeller, it would lessen much the necessity 
of widening the lock. 


Mr. Heelis asked what effect the steam vessels woald have upon 
the banks. _ 


Mr. Fairbairn said, he could answer that question with regard to 
the Clyde. He believed, if the trustees at Glasgow had to com! 
mence again, they would make it much wider than itis now. He 
had no fear at ali with regard to blocking up the month of the river, 
as they could at any time keep it open by dredging, which was net 
expensive, and the very agitation of steam vessels would have a 
tendency to keep it open. The only difficulty would be the wash- 
ing of the banks, which must be sheeted with stone. eer 


Mr. Hopkins said, he did not know whether the interest in the 
question was exhausted, but it seemed to him important to settle 
one point,—whether the influx or reflux of the tide did the greatest 
good or harm ; and he would suggest that an evening should be set 
apart for the discussion of that question only. : 


Mr. Buck said, he had not intended to speak on the subject this 
evening, because he had given his opinion already as to the neces 
sity of a great power of back water for keeping open the port ef 
Liverpool; but he had been much gratified with what he had hearg 
that evening, because most of what had been stated accorded with 
his views. It had been stated, that in the neighbourhood of "the 

er part of the estuary, where it is now dry land, there was for- 
merly water. He had no doubt of it, and it perfectly accorded 
with what he said the other evening. It was evident that this esta- 
ary received all that it could receive of tidal water; but he meant 
to say that the sage | is never full; for when it was full at Run- 
corn it had fallen at Liverpool, and at the same time it was proba- 
bly half ebb at the Victoria Channel, and it was the great body 
which flowed out of the est at that period of the tide whic 
kept open the port of Liverpool. The back water which flowed 
out during the latter half the tide, never reached the bar at all that 
tide. The operation of the scour went on by steps; and the plan 
by Mr. Bateman, of constructing a dam at Runcorn Gap, 
would produce the same effect upon the ad part of the estuary, 
which the latter does upon the bar. If Mr Bateman's plan were 
carried out, the sand in the upper part of the estuary would be 
driven within the power of the efflux and would be carried out to 
sea by the next tide, and there would be no danger that the port of 
Liverpool would be injured by such an operation. i 


= Mr. J. C. Dyer then moved, that the discussion be adjourned, 
saying, it would be hardly creditable if, after all, they did not come 
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to a decision.— Mr. Buck asked how they were to decide,—by a 
show of hands ?— (Laughter.)—The Chairman said, it was not in- 
tended tbat any such decision should be come to. He fancied they 
were there for the purpose of conversing together. They should 
express their opinions, and then leave the subject. The motion 
that the question be adjourned to that day week was then put, and 
unanimously passed. 


At the conclusion of the meeting, Mr. T. O. Lingard read an 
article from the Liverpool Mail, on this subject, characterizing any 
meddling with the river to be an act of felony. The reading of the 
articl2 caused many a hearty laugh. 


ADJOURNED CONVERSAZIONE, FEB. 20, 1841. 


Mr. Georce Peer in the Chair. 


The Chairman, in opening the proceedings, said, the discus- 
cussion was adjourned at the suggestion of Mr. Hopkins, for 
the purpose of obtaining the opinions of scientific men, as to 
whether the influx or reflux of the tide was the greater. He 
then called on Mr. Hopkins. 


Mr. Thomas Hopkins said, he was certainly surprised at 
being called upon, as he suggested the adjournment with a 
desire rather to hear others, than to speak himself. Before he 
addressed himself particularly to the subject, he would state, in 
answer to the assertion at the end of the extract read last eve- 
ning, by Mr. Lingard, to the effect that they were attempting 
to make use of property which did not belong to them, that he 
believed the fact was, that at the lower part of the Mersey, the 
tideway belonged to the crown, and was under the care of the 
Admiralty. He recollected being in London a year or two back, 
when the Liverpool people were wanting to get a more com- 
plete control over the river. They saw Mr. Poulett Thomson, 
who told them it would be useless for them to take any further 
steps in the matter, as the Admiralty objected to what the Liver- 
pool people proposed. He therefore presumed, that it would 
be with the Admiralty to support or reject the proposed improve- 
ment. In what he should have to say, he should avoid all 
allusion to the improvement from Manchester to Warrington, 
as he conceived that length to be in the department of practical 
engineers; but, when it came to the tideway, it appeared to him 
that the question was a more open one; and he would, there- 
fore, say a few words upon it. The main point seemed to be, 
whether contracting the space for the tidal water above Liver- 
pool would injure the port or not. If there were any doubt 
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upon that point, he thought parliament would not allow the 
alteration to be made. No risk would be run, and it therefore 
became necessary to prove that the contemplated improvement 
would not injure the port of Liverpool, and particularly the 
outer entrance Now, it was proposed by the different gentle- 
men, enginecrs, and others, to make the first lock, which might 
be called the tidal lock, at Cuerdley Marsh, as Mr. Palmer said ; 
and about Runcorn, as Mr. Bateman said; while Mr. Buck 
talked of making a wall at each side, so as to take the water as 
it came in. And the situation of the tidal lock would affect the 
question, as to whether the tidal water had a beneficial scouring 
yower or not. If the tidal lock were made at Cuerdley Marsh, 
e presumed it would prevent the tide flowing further up, and 
would therefore throw an impediment to the influx of tidal 
water, to a certain extent. Mr. Palmer, in addition, proposed 
to contract the channel, by making rubble banks; and he spoke 
of gaining from the river, land which was now overflowed. 
There would, therefore, according to this plan, be less space for 
the tidal water to flow in, even below Cuerdley Marsh. Mr. 
Bateman’s plan was to have a lock somewhere about Runcorn, 
and admit the tidal water, so as to fill up the pool above his 
lock ; and, as that would clearly prevent the influx of a portion 
of the tidal water, it was open to the same objection as Mr. 
Palmer's plan; but Mr. Bateman proposed to counteract that, 
by letting out a portion of the water at a certain state of the 
tide; and no doubt, the letting it out in that mannner would 
have that effect. But the first effect would be to check the in-. 
flux of the water. He understood Mr. Bateman to concur with 
Mr. Buck in the plan of erecting walls, to a certain height, that 
should take advantage of the highest point of the inflowing tide. | 
Mr. Buck had stated, that the difference between the highest 
point of the tide at Liverpool and at Runcorn was three quarters 
of an hour, which it took to flow from Liverpool to Runcorn, 
and he proposed to force this to rise higher by contracting the 
T And there was no doubt, that, by contracting the space, 
the momentum of the water would cause it to rise higher ; but 
he thought it would check the flow of the water past Liverpool, 
because the walls he would construct would be an impediment 
to the water in all its stages. Therefore, all these plans seemed 
to him to have a bearing upon the question as to whether the 
influx of the tidal water had a scouring effect or not. Was this 
channel kept open by the mass of water that flowed in from the 
estuary, was the question. It was possible by scientific investi- 
gation to go into all the facts and circumstances ; but one person 
naming one thing, and another suggesting another, would not 
do. It was a subject more for the closet, than for a popular 
assembly. A more satisfactory mode there was for those who had 
read as to the operations of nature in various parts, to point out 
what those operations were ; and, if the cases were analogous so 
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far as the principles in operation were concerned, they might 
consider whether the principles which determined others would 
apply to this. The cases might not be strictly analogous ; but 
probably they might show what would take place in the aN 
by showing what took place in other parts of the world. It 
seemed to him, that they ought to inquire what took place in 
seas where there was no tide, but great freshes, and in seas 
where there were tides. Into the Mediterranean there were, say, 
five large rivers discharged. The Ebro was a river which dis- 
charged a large quantity of water. There they had a strong 
fresh, but the mouth of the river was notoriously very shallow.. 
The Rhone was another river which flowed into the Mediter- 
ranean ; but the mouth of it was so shallow that none but 
very small vessels could pass. There was no port at the 
mouth of the Rhone. Go across the Mediterranean to the 
Arno, a river which discharged as much water as the Rhone 
did, but the channel there was also very shallow, and they 
had been obliged to have the port at Leghorn. The Tiber was 
similarly circumstanced ; it was shallow at the mouth, and the 
port was at a considerable distance from it. Then there was the 
Danube in the Black Sea; but the Nile, perhaps, afforded the 
most striking instance of the little effect of fresh water in scouring 
out the channel. The Nile, it was well known, was subject to 
great freshes ; but there even they found, in the absence of tidal 
water, that the mouth of the river was so shallow that no 
sea-going vessel of any considerable draft could get over it. In 
this case, also, the port was at a considerable distance, namely, 
at Alexandria. Now, in all these cases, they had a body of fresh 
water going down; and, according to Mr. Palmer's theory, 
they ought to have a deep channel ; but they had the reverse. 
Now, contrast that with the effects produced in tidal rivers. If 
we came outside the Gulf of Gibraltar, namely, to Lisbon, the 
river Tagus did not discharge as much water as the other rivers 
he bad named ; but there was a deep channel, and men of war 
having heavy stores could come opposite Lisbon. Now, as all 
the first five had fresh water, but the Tagus had but little fresh 
water, but it had a tide, he thought it but fair to attribute the 
depth of the channel to the flow of the tidal water. At Oporto 
they had the same circumstances, and the river there would 
admit sea-going vessels. The tide came up the river at Bour- 
deaux in Bance, 100 miles from the sea, and they had a deep 
channel ; and if they looked at the Seine, they had the same 
thing. In these deep channels they had deep channels excava- 
ted, very deep channels compared to those in the Mediterranean ; 
and in all the other cases he knew of, there were similar results. 
These facts, he thought, justihed him in coming to the conclu- 
sion, that the flowing in and out of tidal water made deep 
channels. In England there was the Severn, at Bristol ; the 
Thames, at London; and the Humber, at Hull: to all of these 
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places sea vessels could go; these few tidal rivers, in our own 
country, showing similar effects to those he had named, in 
having a deep channel. But he believed it would be found in 
all these rivers, that they flowed through land which was not 
much above the level of the sea; and, consequently, the tidal 
waters flowed far inland; and it was the reservoirs admitting 
the tidal water to flow in, which, as he conceived, caused the 
excavation of the deep channels at the mouths of these rivers. 
Now, in the Mersey, they had not the same length of flat land 
over which the river flowed, as there was in the rivers he had 
named ; but they had a large estuary. He apprehended there 
would not be a deep channel at the port, if this river was con- 
tracted in its space, having so short a distance to move, as in 
that case, a sufficiency of water would not flow in; and it ap- 
peared to him, that it was only the breadth of the estuary that 
compensated for the want of length. It appeared to him, then, 
that in the absence of tidal water, there was not sufficient power 
exerted by the freshes to excavate the channels ; but in all the 
tidal rivers (those having a long course, as well as those having 
a great breadth), there were deep channels, which were, there- 
fore, excavated by the tidal water. But it was not necessary 
that they should make their comparisons between piaces so 
distant from each other. It struck him that they had a com- 
ison before them which would answer their purpose very 
well. The Dee, he apprehended, sent down as much water, or 
probably more than the Mersey and the Irwell. Whe- 
ther the quantity were larger or nearly as large, the rea- 
soning would apply. If fresh was capable of excavating deep 
channels, why did it not excavate them there? but at Park gate 
it was very shallow. Therefore, reasoning from analogy, if 
they had nothing but fresh water, or but little tidal water, they 
would have the same result at the mouth of the Mersey as at 
the mouth of the Dee; that was, they should have a very nar- 
row channel. He would only make one more remark. The 
water that came down the Irwell and the Mersey Latch- 
ford. The tide came up to Woolston (a little lower down). 
Now if the fresh water would exert that scouring power which 
Mr. Palmer and the other gentlemen seemed to think, how ha 
pened it that it did not exert a sufficient scouring power 9 8 
a deep channel there? They had there the same quantity of 
water that they should have at the port of Liverpool, were 
it not for the tidal water: and why should they sup it 
would make a deep channel there, when it had such little 
effect so high up the river? He could see no reason to sup- 
pose that it would; and he therefore came to the conclusion, 
that it was the influx and reflux of the tidal water which caused 
the deep channel. It seemed to him to excavate the channel 
it) this way—there being a large receptacle for tidal water in 
the wide part of the river, the water rose there as rapidly as it 
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could come in from Liverpool.—When the tide fell, this water, 
which was stored up, required time to force itself through the 
narrow part of the channel, which caused the level of the water 
at Liverpool to be materially different to what it was out at sea. 
Say at half tide there was a very considerable difference be- 
tween the level of the water at the bar and what it was at 
Liverpool. Then the water flowed down an inclined plane, and 
they knew that where water did so, it had a disposition to exca- 
vate; and that appeared to him to constitute the scouring 

wer. Now, whether there were a wide receptacle for the water, 
as in the Mersey, or a long river, the effect was the same. 
fact, nature did here what Mr. Bateman proposed to do by the 
formation of his gates; and if they were without this, it ap- 
peared to him that the channel would be filled up as in the 
Dee and in the other rivers to which he had drawn their auen- 
tion. 

Mr. Lingard said he wished to call Mr. Hopkins’s attention 
to two points. The mouth of the Dee had a much beller open- 
ing than the Mersey. And as to the operation of the freshes, 
it was proved at the trial which the company had at Lancaster, 
that these land freshes were the only means of keeping the port 
open.— Mr. Hopkins explained, that he did not speak of the sea- 
ward channel, but of the inward channel. 


Mr. Lingard said he believed the whole of the discussion had 
been as to the effect at the mouth of the river ; and he had not 
heard it said by any one gentleman, that the effects of deepen- 
ing the channel above Liverpool would have any thing but a 
beneficial tendency. Now, having shown that the mouth of 
the Dee, which was funnel shaped, was better than the mouth 
of the Mersey, he was at a loss to understand why the same 
thing should not have the same effect on the Mersey as on the 
Dee. 

Mr. Bateman said, Captain Denman proved that the Chester 
bar was not better than the Liverpool bar. 


Mr. J. C. Dyer said he thought it very essential in consider- 
ing this matter, that the few remarks which he made the other 
evening should be shown to be sound or unsound with r 
to the silting up of enclosed waters. He contended, that our 
small river was in no way analogous to those enormous rivers 
in different parts of the world, which had been mentioned this 
evening. It was the magnitude of those rivers which p 
them outside the discussion. They had formed deltas, which, 
in some instances were equal to the largest English county. 
What they meant by the deltas of rivers was where the debris 
of continents was brought down and was met by the debris of 
the ocean; it was then carried down, and deposited where 
there was comparative stillness. Now he meant to content, 
that, if there was any delta at all in the Mersey, it was above 
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Warrington. The sands which were brought down were met 
and deposited there. But a far more important consideration, 
he believed, would depend on another circumstance. The 
waves of the ocean were agitated by the stormy winds, and 
were continually tearing down, and carrying to vast distances, 
the materials forming the rugged shores, and exposing promon- 
tories where the action was most violent. These charged the 
waves continually with as much solid matter as the water could 
hold in suspension, and the quantity was determined by the du- 
plicate motion. Taking that into view, it was quite manifest, 
that, in an enclosed bay like this, the moment the water entered 
the channel, it became comparatively still; and, as it went out 
and widened, and the current became less rapid, all the heavier 
particles in the water would be deposited in this enclosed and 
sheltered condition ; and, by the return of the tide, when there 
was still water there would be a still larger amount of deposit. 
Hence, in a short time,—and 50 or 100 years was a very short 
time, geologically speaking,—the whole of this estuary would 
be silted up, and there would be barely a passage left, which 
would be eternally left open, sufficient to carry out the waters 
brought down by the freshes from the uplands. If, by con- 
tracting the river, as proposed by Mr. Palmer, only one-fourth 
of the water came in, he would maintain that they would only 
have one-fourth of the mischief to overcome. He then referred 
to the river Hudson, in America, the bar of which, he said, was 
190 miles out at sea; and then there was another at Sandy 
Hook, and one 20 miles above New York. Near Albany, they 
were frequently obliged to have casks to lift them over ; but 
when the freshes came strong, the bar went a little further 
down. He then referred to the improvements in the Somme, 
in France, and in the Clyde, and observed, that he would once 
for all say, that he was neither able nor disposed to controvert 
the opinions of engineers upon any matter which was strictly 
engineering practice ; yet he held, that any man’s opinion, on 
geological theories or mathematical data, was just as good as an 
engineer's. 


Dr. Marshall read an extract from the statistical account of 
Scotland, published in the Glasgow Herald, which stated, that 
“ seventy years since, the depth of the Clyde at the mouth of 
the Kelvin, was, according to a survey made by the celebrated 
James Watt, only three feet eight inches at high water, and one 
foot six inches at low water. Twenty years afterwards, no 
vessels of more than 40 tons burden could come up to Glasgow. 
Twenty-two years ago, the river was navigable to the Broo- 
mielaw for vessels of 170 or {80 tons, and drawing nine feet 
six inches of water. Within fourteen years afterwards, vessels 
drawing thirteen feet six inches could reach the city; and now, 
vessels from all quarters of the globe, some of them upwards of 
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600 tons burthen, and drawing sixteen or seventeen feet of 
water, are frequently to be seen, in triple rows, nearly the whole 
length of the harbour. 


Mr. Hopkins said, he intended to suggest, that, if it were 
practicable, it appeared to him desirable, that, instead of having 
a barrier erected at Runcorn, or Cuerdley Marsh Gate, the 
river should be excavated and deepened down to Warrington. 
Provided that were done, an additional space would be afforded 
for the tide to flow into, and they would thus have a greater 
scouring power. He apprehended, that something analagous to 
this had been done in the Clyde, which had been deepened ma- 
terially. He presumed it was a well known fact, that a much 
larger portion of tidal water flowed in now than did before the 
improvement took place. If that were the case with regard to 
the Clyde, it was possible that it might be so also with regard 
to the Somme. But there was a case so nearly analogous to 
the Mersey, that it deserved to be mentioned, although it was 
on a small scale. It was a place where there was a considerable 
artificial excavation. He alluded to the small port of Boulogne, 
where there was a small inland stream which made a passage 
into the river; but the French from time to time, and particu- 
larly Buonaparte, made artificial excavations so as to permit 
tidal water to flow into basins above. What was the effect of 
this? There was very little went in, but the mouth of the 
river was kept perfectly clear. 


Mr. J.C. Dyer said he thought his position unanswered. 
With regard to Boulogne, what Bounaparte did was to build a 
large iock. The harbour had been long neglected ; there had 
been no dredging ; and the consequence was, that the whole 
harbour was silted up, not with sand, but with a very fine mud ; 
and this he had to dig out. He would admit that the greater 
the depth of the river, the better; but if it had a power of 
spreadingover a large surface, he contended that the tide de- 
posited a great portion of what it brought in. 


Mr. William Read said, as he understood Mr. Palmer, that 
gentleman had no intention whateverto diminish the capacity of the 
channel, though he proposed to make it contain less water than 
it now contained, whilst spread over the wide estuary. 

Mr. Bateman said he had made some calculations upon that point, 
by which it appeared, that the quantity of water would be diminished - 
to one-third or one-fourth. Mr. Buck had also made similar cal- 
culations, by which he supposed it would be diminished one-fifth. 

Mr. Dyer wished to make one remark, which was, that nearly 
the whole of what he had said was to show the practicability of 
Mr. Palmer's plan, and his remarks would also apply to Mr. 
Bateman's plan. 

Mr. Bateman said there were some few facts which appeared 
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not to be comprehended—there seemed to be some misunder- 
standing. It had been stated, that the maximum velocity of the 
flood tide was greater than the maximum velocity of the ebb tide ; 
and it had been stated to the contrary. Now there were some 
statements in Captain Denham's book which went to prove certain 
facts. Captain Denham was employed to investigate all the par- 
ticulars and intricacies of the port of Liverpool, and to form a 
chart of sandbanks; and he had executed his task to an extent 
that had scarcely ever before been carried out. He had found 
channels, and made the Victoria Channel, and he had made experi- 
ments as to the velocity of the flood and ebb tide. There could be 
no reason whatever to suppose, that, in doing all this, Captain Den- 
ham had any other view than to record the facts as he found them ; 
and he believed it had been universally admitted by all who had 
the opportunity of judging, that they were as he had stated them. 
He said, that the greatest velocity of the flood tide, at three hour's 
flow, was six miles and three quarters an hour; and that the great- 
est velocity of the ebb tide, at two hour's flow, was seven miles; the 
greatest velocity of the flood-tide being at three hours, and of cbb 
at two hours, and the velocity of the ebb being greater than the 
flow by a quarter of a mile. He said that every cubic yard of 
the inflowing tide contained 29 inches of matter held in suspension, 
and that every cubic yard of ebb tide contained 33 inches; and he 
tested this by measuring the sand carried out, and forming accu- 
mulations about the bar. There was also another misunderstanding 
with regard to the material brought down from the river. He had 
ascertained, that the greatest velocity of the greatest flood at War- 
rington was four miles an hour. As it widened below, the velocity 
decreased until it came down to Runcorn Gap, where it was 24 
miles an hour. It gradually increased again, till at Liverpool it 
was seven miles an hour. Mr. Buck had shown vory clearly the 
effect of Mr. Palmer's plan. The tide rises and falls in pretty 
nearly the same time ; and do what we will at the estuary, it will 
continue to do so. The water now runs out nearly as fast as the 
tide falls, and it is quite clear, that if only one-fifth of the quantity 
flowed in, as it cannot flow out faster than the tide falls, it must 
flow at one-fifth of the velocity; this would reduce the momentum 
to one-twenty-fifth, and where then would be the force to keep 
open these enormous channels? The velocity wouldjnot be seven 
miles an hour at Liverpool, after Mr. Palmer’s plan was carried 
into operation, but probably a mile and a half. The bar would be 
brought nearer Liverpool, and the deep part at Liverpool would be 
gradually silted up. Not to travel too far for instances, if we ex- 
amine all the estuaries on the same coast, we shall find they are all 
open mouthed like the Dee and Ribble, except Wyre Harbour and 
the port of Liverpool. 

These are the only ports with narrow necks at their junction 
with the sea, and wide expanded bays above, and yet they are the 
only ones that maintain their deeps, while all the others have been, 
or are gradually becoming, choked up with sand so as to lose their 
intercourse with the sea. 
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_ Mr. Lingard said, if Captain Denham’s statement, that every 
cubic yard of flood tide contained 29 inches of matter in suspension, 
and every cubic yard of ebb tide contained 33, were correct, that 
must cause an excavation of 16 inches of the bed of the river every 

ear. Then, Mr. Palmer only proposed at present to make the 
Improvements down to Weston Point, and therefore the whole of 
the estuary was left open. He was sorry the discussion had occu- 
pied so much of their time; but he was glad it had come to 20 
satisfactory a conclusion, because he did not recollect that there 
was any difficulty, except from their contracting the river above 
Liverpool. He understood Mr. Palmer had been invited to come 
down this evening by some gentlemen connected with the society, 
but that he could not do so. He, however, had had some correspon- 
dence with Mr. Palmer upon the subject of the discussion, and 
would read to them his views upon it.— He then read extracts from 
Mr. Palmer's letters. 


Mr. Hopkins said, as he understood the first letter, Mr. Palmer 
had reasoned merely upon the river above Liverpool. If so, he 
had reasoned upon matters of little consequence. Were they to 
understand, that Mr. Palmer had not directed his attention to the 
outer portions of the river, but merely te the estuary ? All his 
(Mr. Hopkins's) objections applied to the silting up of the Victoria 
Channel and of Formby Channel. 


Mr. Lingard said, from Mr. Palmer's report and correspondence 
he conceived that Mr. Palmer believed, that, by excavating this 
channel (in the estuary), the could cause the tide to rise higher ; 
and, inasmuch as it would come up to Runcorn in much less ume 
then it now does, it would also return in about the same time ; and, 
therefore, the effect of this power would be much greater out at the 
mouth than it now was. From a number of statements which had 
been made, it appeared that the river now had sufficient depth to 
bring up steamers of 120 tons burthen. He had no wish to pro- 
mote Mr. Palmers plan, or Mr. Bateman’s plan, or Mr. Rhodes's 
plan, but to ascertain whether any plan was practicable, and then 
to see if the benefits were such to Manchester as would warrant its 
being carried into execution. They could not cume to any 
thing more satisfactory, and it would be well to have a meeting 
Somewhere else to ascertain the benefits. 


The chairman then announced the conclusion of the discussion 
on this subject, which he said had excited considerable interest, as 
was evidenced by the numerous attendance. 


Mr. J. C. Dyer moved a vote of thanks to Mr. Lingard for 
bringing the subject forward, and said, as the discussion was at an 
end orally, he hoped that gentlemen who were interested would 
now take up the goose quill. 

Mr. Hopkins, in seconding the motion, said, he hoped and 
trusted that great good would arise out of the exertions of the com- 
pany with which Mr. Lingard was connected, and that they would 
have the cordial assistance of the town. 
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The chairman then put the motion, which passed by acclamation, 
and was suitably acknowledged by Mr. Lingard.— A vote of thanks 
was then given to the chairman, and the conversazione terminated. 


Something on an Experiment of M. A. DE LA Rive. By 
P. O. C. Vorvtessman, of Heer.“ 


The electro-conducting powers of metals becomes deterior- 
ated by an elevation of temperature, whilst, on the contrary, 
elevation of temperature enhances the conducting powers of 
liquids. Although this inference accords with Al. Enschede's 
views of this important point, it is by no means a decisive 
conclusion, as appears to be the opinion of most philosophers. 
M. De la Rive made some experimental enquiries respecting the 
phenomena that would occur by the passage of an electric cur- 
rent from a metal to a liquid, and from the latter to the former, 
when both were heated. For this purpose he employed a small 
voltaic battery of four pairs. The poles were joined to two 
platinum plates, one to each, which were immersed in water in 
a glass vessel. A galvanometer was also in the circuit: and 
the deflection of the needle amounted to 12°. The strong flame 
of a spirit lamp was then brought to beneath the positive plate, 
(that at which oxygen is developed) until it appeared ata glowing 
heat ; and had communicated to the water a sufficient degree of 
heat to cause it to boil. This treatment caused no change in 
the deflection. The negative plate was next heated in a similar 
manner. The deflection became increased to 30°. When the 
application of the lamp was discontinued the needle returned 
slowly to 12° deflection again. By another experiment, in 
which he employed a more diluted acid in the battery, the first 
steady deflection was 45°. Heating the positive plate produced 
no change in the deflection ; whilst heating the negative one 
carried the needle on to 80°. These experiments were pub- 
lished in the Bublicthéque Universelle, for February, 1837. 
From the above results De Ja Rive concluded that, heat has no 
influence on the passage of an electric current whilst going from 
a metal into a fluid; but that the influence of heat is very 
perceplible when the current is passing froma fluid to a metal. 


Concerning these experiments I have nothing to say, but the 
inference drawn from them, I believe, is not correct. What 
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De la Rive ascribes to heat is only a consequence of the motion 
of the water whilst boiling, by which the plates are frequently 
brought into contact with fresh strata of that liquid. Indepen- 
dently of heut I can easily produce the same phenomena, by 
merely agitating the plates a little in the liquid ; or by agitating 
the latter, wit a glass rod, in the vicinity of either of the plates. 
The following are the results of some of my experiments. 


I took a voltaic battery of five pairs, and charged it with 
pure water. Two platinum wires, terminating in a glass of 
water, were united with the two poles of the battery; and a 
galvanometer was in the circuit. The deflection of the needle 
was 45°. In a short time the deflection began gradually to 
lessen. I now agitated the positive wire, but no change took 
place ; but I had only the negative wire alone to touch to ob- 
tain a sensible increase of deflection, and by a continued motion 
of the liquid, a steady deflection of the needle could be obtained. 
The first deflection being 45°, it became lessened in the following 
manner. 


After Standard Deflection by shaking 
: : deflection. the negative wire. 


mn. ated” 
30 %%% t 
60 ee Gives Gedauseue oe 


(Shaking the positive wire produced no change.) 


When the shaking of the wire was discontinued, the needle 
gradually retired to its former degree of deflection. The same 
thing takes place when a copper wire is used; as will appear 
by the following table of results from my expcriments. 


Standard Deſlection by shakiug 
deflection: the negative wire. 


April l 3th, at 9h. om 5226222 . — 
At the end of F S 45° 
Ditto S 84.44 
Ditto 30ͤ Q 4O 
AAA sence 10h... 25 . . 32 
N e ,,,, IO av ous 


(By shaking the positive wire not the smallest effect was 
produced.) 


The difference of deflection by the employment of copper 
wire is much less than when platinum is used, as, for well 
known reasons, might be expected. 


The motion thus performed in the liquid, is, in principle, 
precisely the same as by employing an extended surface of 
the negative wire. In the latter case we use a third wire: 
and by placing this in the liquid in connexion with the 
the positive wire no change in the deflection of the galvanometer 
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necdle is produced: but if we place it in connexion with the nega- 
tive wire the intensity of the current immediately increases. As 
soon as the fluid shows no strange properties, and, consequently 
no polarization of the wires takes place, none of the above named 
phenomena will be observed: a motion of the liquid or of the wire 
makes no change in the intensity of the current. When De la 
Rive employed the platinum wire and diluted acid, or the copper 
wire and a solution of copper, he ought not to have arrived at the 
singular conclusion, that heat exercises that mysterions influence 
over the electric condition of bodies which he describes. 


The same thing takes place by employing a simple element of 
zinc and copper. When I agitated the zinc plate, no change in 
the current was produced: whilst by agitating the copper plate the 
intensity of the current became perceptibly greater. By this mo- 
tion, the particles of zinc which had been transported to the copper 
plate, became removed; and instead of a partially zinc-covered cop- 
per, I had one with a clean metallic surface. 


If, instead ofa diluted acid, the zinc and copper clement be 
immersed in a concentrated solution of sulphate of potassium, the 
difference in the intensity of the current is reversed ; and we must 
agitate the zinc plate to increase that intensity. ‘This circumstance, 
explains the excellency of Wollaston's battery, in which the zine 
is surrounded with a double copper surface. By the modern battery 
of Daniell, we may probably ascertain whether or not this 
advantage be due to the masses: or whether the surface of the 
copper ought to be greater than the zinc, in order to obtain a 
maximum of action. At present, I am not prepared to ascertain 
the justness of this idea. 


Galvanic Experiments. By Mx. WILLIAM STURGEON. 


The above described experiments of De la Rive, and of 
Vorlessman, appear to be of the same class assome of those 
which I published in the year 1830, in a pamphlet entitled, 
«* Recent Experimental Researches in Electro-Magnetism and 
Galvanism.” My experiments were made with a single pair of 
plates of the same kind of metal, placed in an aqueous solution 
of some of the acids; and those which were employed in the 
experiments about to be described were two flat pieces of iron, 
which formed the voltaic pair. A galvanometer in the circuit 
indicated the direction of the current. The following extract 
commences at page 46 of the pamphlet in which the experi- 
ments were originally published. 
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Iron and a Solution of Nitrous Acid. 


When both pieces are placed in the same acid solution, the 
one a minute or two before the other, the latter, if bright, 
rates as copper in the S. B“ very powerfully indeed; and ‘this 
singular phenomenon is exhibited to as great an advantage with 
these materials as with any that I have noticed: but these elec- 
trical relations very soon cease, and tlie pieces almost immedi- 
ately display electricity in the opposite way, precisely the same 
as when nitric acid is employed. 

There is another phenomenon exhibited in these experiments 
which I believe has never before been noticed, but which, by 
the regularity of its display, must necessarily involve some theo- 
retical principle, and consequently becomes as interesting to the 
philosopher as any other; 1 have observed it more or less in 
several other experiments, but as it is very decidedly exhibited 
with these materials, I will describe it in this place. 


When two pieces of polished iron have been for a few mi- 
nutes immersed in a weak solution of nitrous acid, and in con- 
nexion with the galvanometer ; if one piece be taken out, and 
very soon returned to its place, the needle will be deflected to a 
considerable angle, amounting in some instances to 90°, indi- 
cating the piece last plunged in, to be operating as copper in 
the S. B., and the needle will not return so quickly as if that 
piece had been bright before immersion, but will frequently re- 
tain that character for some time; it takes place with either 
piece ; it is a matter of no consequence which is first plunged 
into the acid solution, the last will always display the pheno- 
menon I have mentioned. I have obtained the same result for 
twenty successive times, by first taking out one piece, then the 
other, leaving them in the solution about half a minute between 
each time. | 


Iron and Murialic Acid.—When two equal pieces of iron are 
immersed in a solution of muriatic acid, the piece last plunged 
in will display its electricity in the character of copper in the 
S. B. If now, the other piece be taken out, it will also ope- 
rate in the same capacity, in precisely the same manner, as when 
iron and nitrous acid are employed ; and this species of action 
takes place when the pieces are immersed, the one in the acid 
solution, and the other in water, so that the first effect indicated 
by the needle, will depend on the order of immersion ; but if 
they be left unmolested for a minute or two, the piece in the 
acid solution will operate as copper, whilst that which is sur- 
reunded by water will operate as zinc in the S. B. ; and. these 
electrical relations of the two pieces will be uniformly displayed 
while undisturbed in their respective chambers, but if either 
piece be in the /east moved in the fluid, that piece will immedi- 
diately operate as copper in the S. B. 


* S. B. means a standard battery of copper and zinc. 
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This singular and curious phenomenon, which I believe has 
not before been noticed, I shall endeavour to describe with 
some degree of minuteness ; and likewise the process by which 
it appears to be the most decidedly exhibited. 


Let two flat pieces of good iron, having each about two 
square inches of surface, exactly alike, and well polished, be 
connected with the galvanometer, and placed in a vessel con- 
taining muriatic acid diluted with two or three times its quan- 
tity of water. The needle will vibrate a little, but will soon 
come to rest; but, as it is next to impossible to select two 
pieces of iron so nearly alike in their electrieal characters as not 
to display some galvanic effect, it is likely that the needle will 
not repose in the magnetic meridian, but will make some small 
angle therewith. Let that piece only, which the necdle indicates 
to be operating as zinc in the S. B. be gently moved in the in- 
terposed fluid; the needle will immediately be deflected the 
contrary way, showing that the electrical relations of the two 
pieces of metal become changed by this process. When the 
needle has again come to rest, move the other piece, letting the 
first moved piece remain unmolested ; the needle will again 
change its direction, and will indicate the last moved piece to be 
operating as copper in the S. B. 


If, whilst the connexions are complete, one of the pieces be 
moved rapidly to and fro in the acid solution, whilst the other 
remains at rest, the needle will be deflected to an angle of 40. 
or 50°, and may be kept steady at about 20° by continuing the 
motion, still indicating the moving piece to be operating as 
copper in the S. B. But the moment the motion has ceased, 
the needle returns to the meridian, and very frequently takes a 
position oa the other side. 


I have tried iron with solutions of other acids, but cannot dis- 
cover that decided effect as with the muriatic. I have also 
tried if the same phenomenon could be exhibited by employing 
other metals, such as copper, zinc, brass, &c., in different acid 
solutions, but I have failed to obtain any thing like that precia 
sion of results as are afforded by iron and diluted muriatic 
acid. In some cases indeed, the same process appears to operate 
in the contrary way ; and particularly with tin in a solution of 


nitro-muriatic acid. 
W. STURGEON. .. 
Royal Victoria Gallery of Practical Scicnece, ; 
Manchester. 


Electricity of Steam. 


The experiments which have been made in this town on the 
electricity of steam issuing from boilers, have, I believe, been 
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rather numerous, though none of them, that I have heard of, 
have been attended with any brilliant results. Through the 
kindness of Mr. Joseph Radford, and Mr. Richard Roberts, I 
have had opportunities of making a few experiments on the 
steam both from fixed and locomotive engine boilers: but in 
general I have met with complete failures. The first experi- 
ments were on the steam from a fixed boiler in Messrs. Radfords 
and Co.’s foundry. Expecting to meet with powerful electric 
action, I provided myself with a Leyden jar, discharging rod, 
electrical stool, &c., but for fear of being disappointed in 
the employment of those pieces of apparatus, I also provided a 
delicate gold leaf electrometer. 


The steam was up to 36fb. on the square inch, and Mr. 
Radford had got a hole bored in the side of the safety valve 
chamber, for the purpose of obtaining a horizontal jet of steam 
to operate on. Mr. Radford’s foreman was placed on the insu- 
lating stool, with a frying pan in his right hand and one end of 
a copper wire in his left; the other end of the wire being 
fixed to a medical discharger with a glass handle. Thus pre- 
pared, the plug was withdrawn from the hole in the safety 
valve chamber, and the frying pan was held in the jet of steam. 


I held the discharger by its glass handle, and presented its 
brass ball to the surface of the boiler, but no spark made its 
appearance. I presented the ball to the apex of several of the 
conical rivet heads, but with no better success. 


In another trial I mounted the stool myself, holding the fry- 
ing pan in the steam with one hand, and with the other I pre- 
sented a brass ball to the rivets of the boiler ; but all to no 
purpose. Mr. Radford afterwards tried in the same manner, 
and with equally negative results. 


A copper wire was next well insulated, having one end in 
connexion with the gold leaf electrometer in a dry warm room, 
and the other end held in the jet of steam ; but not the slightest 
indication of electric action was discoverable. 


In a subsequent set of experiments at the same boiler, with 
the steam at 50łb. on the square inch, we were similarly dis- 
appointed for a long time; till at length, Mr. Ransome, who 
was one of the party, held the cap of the electrometer in the 
fiercest part of the jet of steam; the gold leaves diverged and 
struck the sides of the glass. This indication of electric action 
urged us on to further trials for obtaining the spark, which 
eventually was discovered between an insulated brass ball and 
the apex of a rivet head of the boiler. In this experiment a 
coil of copper wire was held in the steam by Mr. Ransome, 
whilst standing on the insulating stool ; and the ball of the dis- 
charger, which was attached to one end of that wire, I pre- 
sented to the rivet head. The spark was first seen by one of 
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the workmen, and afterwards by the whole party ; but I think 
that it never passed through a plate of air of more than 1-20th 
of un inch in thickness. It was just perceptible when looking 
attentively between the two metals. I ought to mention, that 
in this latter set of experiments, the steam had to traverse a 
glass tube, which Mr. Radford had had attached to the hole in 
the boiler for better insulation. The outer end of the tube was 
covered with a brass ferrule. 


In a set of experiments which I made on the steam of a new 
locomotive, in the works of Messrs. Sharp and Roberts, I could 
get no electric indications whatever. In one part of these ex- 
periments the engine was insulated on blocks of baked wood, 
but all to no purpose. The steam was 501b. on the square inch. 
1 have to acknowledge the kindness of Mr. Fothergill, foreman 
of the works, who rendered me every assistance in his power 
whilst making these experiments on the locomotive’s steam. 


W. STURGEON. 
Royal Victoria Gallery of Practical Science, 
Manchester. 


ELECTRO-CHEMISTRY. On the Chemical Force of electric cur- 
rents, considered in reference to Chemical Affinities ; and of 
the measure of the latter. By M. BEcQUEREL.* 


It is now some time since I first entered on a series of re- 
searches with a view of determining with exactitude the relations 
which exist in the forces which unite together those heterogene- 
ous atoms which form chemical compounds. From a want of pre- 
cise means, all my earliest attempts were entirely fruitless. But 
having since resumed the solution of this question, I have been 
fortunate enough to discover a method of experimenting which 
at present permits of better chances of success. 


In a binary compound, the force which unites two different 
atoms to each other, varies in intensity accordingly with the 
temperature, pressure, and other causes: and although the na- 
ture of that force is not exactly known, we have every reason 
to suppose that it is the electric. Moreover, whatever it may 
be, it is essential to know its intensity, or the degree of energy 
of its action in those determined circumstances where we can 


* Compte Rendu, Nos. 17, and 18, P. 671. 
(Extract from the Memoir, read before the Royal Academy of Science, 
Paris, May 4th, 1840.) 
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compare it with another taken as unity, if we wish to establish 
a relation of the forces which regulate the combination of one 
body with two others: that is to say, between the affinities, by 
virtue of which, those compounds which result, exist. 


Suppose that, with exceedingly delicate pincers, we could 
take hold of each of the atoms of a combination, and draw them 
in the opposite direction to those of their reciprocal attractions; 
it is obvious that a force thus employed, which would just 
counterbalance, or just vanquish, that force of attraction, would 
be a precise measure of its intensity. For want of apparatus 
of this kind, which it is impossible to realise; we have in elec- 
tric currents, properly employed, a power capable of exercising 
the same functions. The principal condition is, to find a means 
of dividing a current which traverses a solution of two com- 
pounds into two parts in such a manner that each of them may 
separate an equivalent of one of the elements of each compound. 


Several principles are necessary to arrive at this determination. 
The first was discovered by Dr. Faraday, and consists in 
this ;—the equivalents of bodies are united, or rather associated 
with one and the same quantity of electricity : to that the same 
current which traverses two metallic solutions, effects their de- 
composition in such a manner that equivalents of each metal 
are deposited on the terminal metallic plates: Such is the case 
when the two solutions are placed in two separate vessels: but 
when they are mixed together the effects produced are of s 
compound nature which permit of comparing the affinity of one 
and the same acid for two different bases. The great number 
of experiments that I have made on this subject, prevent me 
from giving them in detail, at this time: I will therefore only 
allude to the principal consequences to which they lead. 


By submitting to the action of the same current, a mixture 
of the solutions of nitrate of copper and nitrate of lead ; of 
nitrate of copper and nitrate of silver; of nitrate of silver and 
nitrate of lead ; in equal atomic proportions: we find that the 
decomposition is effected in definite proportions ; and that in 
the mixture of the solution of nitrate of silver and nitrate of 
lead, as well as in that of the solutions of nitrate of copper and 
nitrate of silver, the nitrate of silver is, alone, decomposed ; 
whilst in the mixture of nitrate of lead and nitrate of copper, 
the latter, alone, suffers decomposition. It is proved, therefore, 
that the current prefers exercising its decomposing influence, on 
that nitrate in which the affinities of the oxygen, and of nitric 
acid, for the metal, are least. 


If we augment, by successive atomic proportions, the nitrate 
of copper, in a mixture of nitrate of silver and nitrate of copper, 
We arrive ata limit at which the precipitated silver ceases to be 
crystalline: it becomes by degrees flocky and tuberculous. At 
this time it takes the form of a mushroom of great extent, the 
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particles of which are in such a state of division that the weigh- 
ing of them is attended with great difficulty. It seems to result, 
from this moleculare state of the silver, that the mass of nitrate 
of copper in proportion as it is augmented in the solution, ex- 
ercises an attractive action on the molecules of the silver at the 
instant they are deposited on the negative plate, and in such a 
manner as to prevent them from aggregating into a mass, or at 
least, to prevent the force of cohesion to be exercised. 


Very rigorous experiments have shown that by operating on 
a decigramme of nitrate of silver, and somewhat more than 60 
equivalents of nitrate of copper, the copper begins to appear in 
the precipitate. By continuing to augment the equivalents of 
nitrate of copper as far as 67, the metallic precipitate is then 
composed of one equivalent of silver and one equivalent of cop- 
per. This result could only take place, according to the hypo- 
thesis of Dr. Faraday, when the current is divided into two 
perfectly equal parts; since the equivalents of bodies being 
associated with equal quantities of electricity require two cur- 
rents of equal intensity to accomplish their separation. We 
may thence infer that, the force which unites the oxygen and 
the nitric acid to the silver, in the nitrate of that metal, when 
there is in the solution one atomic part of this compound equal 
to 0:18, is the same as that which unites the oxygen and the 
nitric acid when there is in that solution 67 atomic parts of 
nitrate of copper. 


The experiments were made in such a manner that no secon- 
dary compounds were produced capable of changing the atomic 
proportions of the dissolved salts. The influence of masses on 
the decomposing action of the voltaic current being thus made 
evident, it became necessary to ascertain if the relation of the 
masses, in order to arrive at the division of the current into two 
equal parts, ought not to vary when we augment the absolute 
quantity of atomic parts of nitrate of silver. That isto say, by 
adding, successively from 0°18, to 0.58, and to 1-08. The re- 
sults of our experiments have shown, as ought to have been 
expected, that the reaction of the masses was no longer the 
same. 


By diluting the solutions by water, the influence of the masses 
diminished, as might be expected. 


I regret that I am unable, in this place, to give the numerical 
results obtained as well as the discussion accompanying them, 
which are given in my memoir, in order to afford better evidence 
of the influence of masses on the electro-chemical action of the 
current, so as to force it to separate, at the same time, two 
equivalents of two different bases. When the quantity of nitrate 
of copper is considerable in the solution, not only are the above 
described effects observed ; but there may also be seen in the 
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solution, when it is illuminated by the direct light of the sun, 
a considerable quantity of smal] metallic particles in motion, 
which seem to indicate, in some measure, the mode in which 
the particles are transported by the voltaic action. 


When the separation of two equivalents is accomplished, the 
force which unites the oxygen and nitric acid to an equivalent 
of silver, and that which unites the same two bodies to an 
equivalent of copper, being overcome by the same current, must 
be considered as equal ; because two equal forces acting simul- 
taneously, for the same period of time, and producing similar 
effects, are supposed to overcome equal resistances. Hence, we 
must necessarily infer that those affinities were equal to each 


other. 


From the influence of masses in these actual results, we are 
enabled to draw some conclusions respecting their general in- 
fluence in all similar circumstance. In a mixture of two salts, 
of two metallic nitrates, for instance ; if we augment the num- 
ber of equivalents of that whose parts are united by virtue of 
the strongest affinities, we enfeeble the action of the current on 
the other nitrate; so that at a certain period the action of this 
current is sufficient to vanquish the affinities which unite the 
oxygen aud the nitrate acid to an equivalent of each of the two 
metals. Why is a similar effect produced by an increase of the 
masses? We cannot conceive that by admitting that in pro- 
portion as nitrate of copper is added to the solution, the particles 
of that nitrate N one another, and thus inerease the 
action as much as that which the current exereises on them. 
Now, as the action of the current is definite, it follows, that that 
which it exercises on the particles of the other nitrate should 
diminish in the same ratio; or at least, exercised on a smaller 


quantity of it. 


From the preceding facts, it appears that the forces which 
unite oxygen arid nitric acid to an equivalent of silver and of 
an equivalent of copper are in some proportion to the masses 
necessary to accomplish a separation of one equivalent of each 
metal. But is it in the simple ratio of the masses, or as that 
their squares, or as some other function of those masses? Of 
this we are perfectly ignorant; and nothing remains to be done 
beyond that of determining the general law of the atomic pro- 
portions necessary to accomplish the division of the current into 
two equal parts, when one of the elements is uncertain. This de- 
termination, which can be arrived at only by many experiments 
would assist in discovering the general law of the affinities of 
nitric, or of any other acid, for all oxides. It would then 
seen if the numbers obtained by M. Ed. Becquerell. by means 
of another process, of the affinities of certain bodies, are tue 
same as those which I may ultimately arrive at. 
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I may here repeat, that the facts detailed in my memoir, show 
that two metals may be separated from their solution in the 
same acid, by a very simple process. Whenever the masses in 
a given volume of the solution does not tend to accompush their 
separation immediately, this may be effected by dilution with 
water to the required extent. 


On Electric Atmospheres. . By GtampBatista Beccarta. 


442. I call electric well (Pl. V. fig. 1.) the vessel, or can 
A, made of tin, fifteen Italian inches high, and six and an half 
wide ; and, to prevent its losing its electricity, its edge has been 
rounded by the means of an iron ring fixed to it. I insulate 
this can, or electric well, upon a small table T, raised upon a 
support of glass V, and I commonly electrify it by touching it 
with the hook (or with the coated bottom) of a charged bottle, 
which I hold by the means of an insulated handle (Pl. V. 
fig. 2.): I need not say, that when I touch the well with the 
hook of the charged bottle, I observe to touch with my finger, 
when I mean to charge the well, with the outside of the bottle. 
In this well I distinguish two parts; the first is the lower part 
of it, that is, that part of its cavity which reaches from the 
bottom, to two-third parts of the total altitude of it; the upper 
is that which, from thence, extends up to the edge of 

e well. 


443. I call scrutator an electroscope annexed to a long stick 
of sealing-wax (Pl. V. fig. I.), the threads of it are exceedingly 
fine, and only an inch and a half long, and to them are fastened 
two bits of paper in order to render their motions within the 
cavity of the well sufficiently conspicuous; and that I may 
perceive them the better, I cover the bottom of the well with a 
round plate of tin blackened over. 


444. I. A man suspends the scrutator in the middle of the 
lower cavity of the well, in such a manner that it does not touch 
either the bottom or the sides; I then touch the well, at one 
time with the hook, and at another with the outside of the 
bottle, and I find that the threads remain unmoved. II. The 
person who holds in his hand the threads of the scrutator now 
touches the bottom, and then the sides of the lower cavity, and 
the threads still remain unmoved. III. The same person sus- 
pends again the scrutator in the middle of the lower cavity, 
without touching either the sides or the bottom of the well; I 
then insert into the well a small rod of brass, wlth a ball at its 
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end, and present it to the threads of the scrutator, taking care 
not to touch either the edge or the sides of the well, and the 
threads fly to the ball. I destroy the electricity, and the person 
who holds the scrutator draws it out of the well; then the 
threads manifest an electricity contrary to that which I had 
communicated to the well; that is, if I touched the well with 
the hook, the scrutator runs to the hook, and flies from the 
outside of the bottle ; if I touched with the outside of the bot- 
tle, the scrutator flies to the outside of the bottle, and runs from 
the hook. IV. I annex a short and very fine thread laterally 
to the lower cavity of the well; the scrutator is again sus- 
pended with it, and I, with the bottle (I always understand it 
to be strongly charged) electrify the well. Seeing that both 
the threads of the scrutator, and the annexed thread remain 
unmoved, I put the brass rod into the well, and present it to 
the threads of the scrutator, when the Jatter instantly run to 
the rod, and the annexed thread diverges a little from the well ; 
if both the annexed thread and those of the scrutator happen to 
be near each other, they immediately join. 


445. I shall relate another experiment on the same subject, 
the consequences of which are still more obvious than those of 
that just described. I fasten to three silk threads B, a cylinder 
of tin (Pl. V. fig. 3.) two inches high, and also two inches 
wide, the edges of its bases are rounded, that it may not attract 
electricity, and I call such cylinder the electric bucket. I. A 
man suspends this bucket within the lower cavity of the well, 
taking care that it does not touch either the sides or bottom of 
it; I electrify the well, the man draws the bucket out, taking 
care to keep it at an equal distance From the sides; I then pre- 
sent a thread to it, and it is not moved in the least. The man 
puts again the bucket into the lower cavity of the well, of which 
I revive the electricity; he draws it off again; I then present 
a thread to it, and it still keeps unmoved. III. The man again 
puts the bucket into the lower cavity of the well; I electrify 
the well, and then put into it the rod C, the ball of which I 
present to the bucket ; then a spark is thrown out of it, which. 
with respect to its explosion and light, is much superior to what 
might be expected from the capacity of the bucket. The man 
again draws the bucket out, I present the scrutator to it, and 
the threads are rapidly drawn, then repelled by it. When I 
have touched the well with the hook of the bottle, the threads 
repelled by the bucket, are also repelled by the outside of the 
bottle, but drawn by the hook ; when I touched the well with 
the outside of the bottle, the threads repelled by the bucket, are 
also repelled by the hook, but drawn by the outside of the 
bottle. IV. The man suspends within the well two buckets of 
an equal size D, d (Pl. V. fig. 4.), the bucket d hanging from 
the bucket D, by silk threads two inches long: both are drawn 
out, and neither of them can move the threads I present to 
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them. V. The man again puts the buckets into the well; the 
lower d touches, as it did before, the bottom of it, which D does 
not: I then touch D with the rod, and a strong spark is thrown 
out ; the man draws out the two buckets, when both draw the 
threads, but D does it most strongly, and d but very weakly. VI. 
The experiment is repeated, and the bucketsare drawn out; I pre- 
sent to D the threads of the electroscope, after they have touched 
the part of the bottle contrary to that with which I electrified the 
well, and they are repelled ; I then with my finger touch the 
bucket D, and these same threads which are strongly repelled by 
D, are weakly drawn by d. VII. I again repeat the experi- 
ment: the buckets being drawn out, I suddenly destroy the 
electricity in D, and the threads of the scrutator, which have 
touched that coating of the bottle with which I have electrified 
the well, are repelled from d. 

445. Dr. Franklin, in page 825 of his works, proposes his 
experiment of a cork ball, which, hanging by a silk thread, and 
lowered into a silver can till it touches the bottom of it, draws 
no electricity from it. I was informed of this experiment by 
a short but ingenious disssertation of M. de Saussure, a phi- 
losopher of Geneva, when in February 1769, I published my 
little book de Atmospherd Electrica, in which I fully analysed 
this surprising and mysterious experiment. I have since re- 
ceived the Work of Dr. Priestley, published in the year 1767, 
in which I have seen that the ingenious author had made seve- 
ral attempts (page 731.) to analyse the same experiment, though 
he had nowise succeeded ; this I attribute only to the extreme 
delicacy of the subject, which requires both a most favour- 
able weather, and a most careful management throughout the 
whole experiment. The weather being supposed favourable, 
here are u few things amongst others, that must be attended to: 
I. The bottle with which the well is to be electrified, must, 
instead of a hook at the end of the rod inserted into it, have a 
pretty big ball fixed to it, because the hook which is commonly 
used, being made of a thin rod terminating in a point, may 
easily turn the electricity in the threads of the scrutator into a 
contrary one. II. When afterwards the electricity is to be ex- 
cited in the threads of the scrutator, they must at the same 
time that they ‘are presented to the outside of the bottle or 
to the hook, (I retain the same name though a ball is now used) 
be rapidly touched with a finger, that they may thereby, first, 
contract a contrary electricity, and then fly to those bodies and 
impregnate themselves with their electricity. III. Before draw- 
ing either the scrutator or the buckets out of the well, the elec- 
tricity of the latter must be destroyed, lest those bodies in their 
passing through the mouth of it, should receive an alteration 
in their electrical state, from the united atmospheres of the edge. 
IV. But the chief reason why, when the two buckets are drawn 
at once, it becomes necessary to suppress the electricity of the 
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well, is to prevent a mixture of the two different electricities ; 
that is, the strong one in D, and the weak one in d: it is need- 
less to observe, that before suppressing the electricity of the 
well, the bucket d must be previously raised somewhat above 
the bottom, else the electricity would be destroyed also. V. 
Moreover, when the two buckets have been jointly drawn out, 
it must be observed, that as long as D will retain the electricity 
it has contracted within the well, the bucket d, which will be 
surrounded by the atmosphere of D, will repel the threads of 
the scrutator when they have been repelled by D; therefore, 
the electricity of D must be previously destroyed to inquire 
after the contrary, and weaker one in d. 


447, These cautions being once carefully attended to, the ex- 
periments that [ have described are always followed by the same 
effects, and afford an analysis of the said fine Franklinian experi- 
ment, as well as complete the demonstration of tke property of 
electric atmospheres, which J deduced in the precedent Chapter 
from thesimple experiment of athread presented either to the Chain, 
or to the Machine; the above experiments, besides, open a vast 
field for interesting and important discoveries. 


448. All these experiments concur in making it manifest, that 
the electricity 1 into the well, endeavours, it ts true, lo 
excite a contrary one in the threads of the scrutator, or in the 
bucket, or in any other body placed within its cavity (in which 
consists the first property of electric atmospheres.) II. But that 
5 electricities thal seek io communicate themselves to 
the above bodies from opposite parts of the cavity, reciprocally 
obstruct and annthilale each other (which is the 80 roperty), 
as long as those immersed bodies have no communication eicher 
with the ground, or other external body, by the means of which 
555 my be enabled to contract an electricity contrary to that in 
e well. 


440. Secondly, from the same experiments, a few additional 
truths are moreover discovered, conceruing the above properties of 
electric atmospheres; for instance, they shew that an excess of 
Aire endeavours to produce a deficiency equal to it, and vice versa. 
If this were not the case, how could it happen that the electricity 
of the bucket d, which touches the bottom of the well, comes out of 
the same with an electricity so inferior to that of the bucket D, 
which remains suspended within the cavity of it? surely this must 
be imputed to the aforesaid equality. From the inner surface of 
the well, no quantity of fire can be exerted greater than that which 
can be driven from the small surface of tha bucket D; or, if the 
well be negatively electrified, from the inner surface of the well, no 
quantity of natural fire can pass to the outer surface of the same, 
greater than that of the excessive fire which can flow to the incon- 
siderable surface of the bucket D; therefore, as the whole capacity 
of the inner surface of the well, is to the capacity of the bucket d. 
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so the intensity of the ercited electricity (whether positive or nega- 
tive, which all lies in D) is to the intensity of the electricity in the 
bucket d, into which only a proportional part of the exciting elec- 
tricity is diffused. 

450. Fourthly, from the same experiments we may again draw 
this consequence, viz. that the electricity which arises in the 
bucket immersed within the cavity of the well, must be as much 
superior to the electricity that would take place on the same, tf 
immersed in the vuler atmosphere of the well, as the number of 
points in the cavity that concur to acluate a contrary electricity 
in the buckel, ts greater than the number of points that endeavour 
to introduce a contrary electricity into the same, when suspended 
in the outer atmosphere. In fact, the bucket outwardly suspended 
gives a spark much weaker than that which is thrown out by it, 
when it is placed within the cavity of the well, &c. : 

451. In the third place, it fullows from the same experiments, 
that, both the quantity of electricity that will be exerled from the 
cavity of the well and the atmosphere that will be excited by it, 
as well as the contrary electricity that will rise in that parl of a 
body which is only partly immersed in the well, will all of them 
bein proportion to the capacity of that part of the same body 
which is not immersed. With three silk strings joined together in 
B, (fig. 4.) I suspended within the well A, the cylinder 
C, the edge of which is rounded at its basis, and I keep it an equal 
distance, that is two inches, both from the sides and the bottom. 
l 1 the well, and that part of the cylinder C, which is nct 
immersed, repels the same electroscope that is repelled by the well; 
it possesses, therefore, the same kind of electricity. ‘This may be 
easily explained: the electricity of the well, by raising an clectri- 
city contrary to its own in the immersed part of the cylinder, 
necessarily introduces a contrary one (consequently one homolo- 
gous to its own) into that part which is not immersed ; or, in other 
words, the natural fire driven from the former part of the cylinder 
goes into the latter; or, if the well be negatively electrified, the 
natural fire runs from the part which is not immersed, and ac- 
cumulates itself on that part which is immersed. ‘Therefore, 
according as the capacity of that part of the cylinder C which re- 
mains out of the well in the open air (it must be observed, that the 
air near the mouth of the well is somewhat affected by the atmos- 
phere, both of the edges, and of the upper part of the cavity, which 
obliquely exerts itself) will be greater or less, both the excited and 
the exciting electricities, and the atmosphere through which this 
excitation is effected, will also be proportionably stronger or 
weaker. 


452. From the same experiments it results also, that electric 
atmospheres exert themselves and operate obliquely ; this I have 
just now taken for granted, I will now try to demonstrate it. Let 
us for an instant suppose that electric atmospheres only operate 
directly ; if so, the electricity from the bottom of the well will suffer 
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no kind of counteraction, while the sides of it will counteract each 
other; an electricity will, therefore, be able to spring directly 
from the bottom of the well, and none will be thrown from the 
inner edges, since every point of them has some other point di- 
rectly opposite to it; but now, this is not by any means the case; 
we must, therefore, acknowledge, that the electricity that is thrown 
from the bottom is counteracted by that which obliquely springs 
from the sides of the well, directing itself towards that same 
bottom ; and also, that a certain quantity of electricity really 
exerts itself in an oblique direction, from the inward edge or 
mouth of the well. All this may be very easily ascertained by 
the following experiment. Let a number of short threads, about an 
inch and half long, be, both outwardly and inwardly, annexed to 
the sides of the well; let them be disposed in a vertical line, so as 
to form as it were asingle continued thread. When the well is 
electrified, those threads which stand within the lower cavity of the 
well, keep their former situation; those which are adapted to the 
outside’ of it, are all raised into lines perpendicular to the sides of 
the well, though with a small deviation from each other, by which 
the one are inclining to the right, the other to the left side alter- 
nately: those which are annexed to the upper part of the inside of 
the well, diverge more or less from it, according as they stand 
nearer to the mouth; and if any threads have been annexed to the 
bottom of the well, they remain entirely unmoved. 


(To be continued.) 


ELEMENTARY LECTURES ON ELECTRICITY, &c. 
LECTURE VII. 


Although we are very far from having exhausted the electro- 
scopic class of phenomena, it may be prudent, at this period of 
our illustrations, to direct your attention to the structure, ma- 
nagement, and uses of other pieces of apparatus of a somewhat 
more formidable character, and by means of which we shall be 
enabled to pass through a great number of illustrative experi- 
ments, and show some of the principles of electric action to 4 
much greater advantage than by the employment of those deli- 
cate instruments which we have hitherto operated with. 


I will first describe to you the electric machine, an instrument 
of general use amongst electricians whilst performing many 
their favorite experiments. There are, however, at this time, 
two distinct forms of electrical machines: both of which are in 
general use. One of these is called the cylindrical machine, 
the other the plate machine. Some persons prefer one of these 
machines and some the other: but as the cylinder machine 1 
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more commonly used than the plate one, I will describe it, only, 
in this place. 


Fig. 9. 


The principal operating parts of this machine consist of a 
cylinder of glass and a flexible cushion; which, by rubbing 
against each other, excite the electric fluid in precisely the same 
manner as it is excited on the surface of a glass tube, or on 
sealing-wax. Fig. 9 is a representation of a cylinder machine ; 
in which B is a stout mahogany board, and, in some cases, well 
varnished also. Both are useful, inasmuch as, if the copper 
surface of this board were not so finished, the fibres of the 
wood, would be apt to draw off some of the fluid which had 
been excited ; and would, consequently, lessen the disposeable 
part which was intended for experiment. This board forms the 
bases of the instrument. I, X, is a cylinder of glass, supported 
on two pillars whose lower extremities are well fastened into the 
board B. The glass cylinder has an open neck at each end; 
and on each of these necks a cap of wood is firmly cemented. 
Each wooden cap has a projecting cylindrical pin, formed of 
the same piece of wood, in a lathe. When the caps are cemented 
totheir respective necks of the glass, these pins ought to be 
situated in the axis of the cylinder continued ; because they form 
the pivots on which the cylinder rotates when the machine is in 
action. Proper pivot holes in the upper ends of the two sup- 
porting pillars are provided for the reception of these pivots. 


To one end of this axle is attached a handle, or winch, as 
seen in the figure, for the purpose of turning the cylinder. On 
the further side of the cylinder is a cushion, mounted on a glass 
stem, the lower end of which is fixed in a piece of wood that 
slides in a dovetailed groove in the base-board. There is alsoa 
a set-screw attached to this piece of mechanism, all of which . 
will be understood by looking at the figure. This sliding piece 
is for the purpose of pressing the cushion more or less agai 
the surface of the cylinder, and the screw is to hold it fast at its 
place when the required pressure is obtained. The cushion is 
frequently. called the rubber. It is furnished with a silken flap, 
one end of which is sewed to the upper side of the rubber and 
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the other part lies on the upper surface of the cylinder, in the 
manner shown in the figure. This piece of silk is intended to 
prevent the excited fluid from flying off into the atmosphere, 
until it arrives at the extreme edge, where it is attracted and 
taken from the cylinder by a row of metallic points, which are 
attached to one end of the prime conductor C, C. The prime 
conductor being supported on a pillar of glass, G, is insulated, 
and from it the fluid can be transmitted to other pieces of 
apparatus for experiment. The cushion is also insulated ; and 
some experimenters think it necessary that the glass cylinder 
should be insulated: for which purpose they have its supports 
of glass. For my own part, I do not see the necessity of having 
the cylinder insulated. 


There are many particulars to be attended to in order to make 
a machine work well. Every part of it ought to be quite free 
from dust and moisture ; and the glass parts to be somewhat 
warm. The face of the cushion which rubs against the glass 
cylinder must be covered with an amalgam of zinc, of about 
the consistency of butter. and mixed up with a little tallow from 
a candle. It must also be connected with the ground by means 
of a copper wire of about the diameter of bell-wire. When 
these precautions are properly attended to, the machine usually 
works well, especially in a warm and dry room, which is better 
adapted for electrical experiments with the machine than in any 
other situation. 


The machine being now in good order, we will take away the 
prime conductor, and put the cylinder into motion. You will 
now observe an immense quantity of the electric fluid darting 
from the edge of the silken flap into the air; and. several bright 
sparks passing round the surface of the revolving cylinders. 
These appearances are exceedingly beautiful when the room is 
darkened ; and they may be produced for a long time together 
by continuing the motion of the machine. If you hold the ends 
of your fingers towards the silken flap, the nails will be curi- 
ously tipped with luminous matter, and the whole of the fluid 
excited by the machine will lean towards them, and scarcely 
any sparks will be seen travelling round the glass cylinder. In 
this case your fingers attract the fluid, and draw it from the sur- 
face of the cylinder, and it is carried away to the ground b 
yourself, the floor, and the other materials of the building ; all 
of which are sufficiently good conductors for this purpose. 


Let us now insulate the cushion by removing from it the 
copper wire. You will now find that the machine produces but 
a very small quantity of fluid, the reason of which 1s, that when 
it has parted with that which naturally belonged to the cushion, 
it cary yield no more, excepting some small portion which it re- 
cerves from the atmosphere. But when the cushion is in metallic 
connexion with the ground by means of the copper wire, or 
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when the hand is placed on it, it gets an abundant supply from 
that source. Hence whatever quantity of fluid is drawn off by 
your fingers when presented to the edge of the silken flap, a 
similar portion is immediately supplied to the cushion from the 
ground. In many experiments, as you will see in a future lec- 
ture, we dispense with the copper wire, and have’ the cushion 
purposely insulated. 


Let us now turn the points of the prime conductor towards 
the cylinder, taking care that they do not touch it. Now turn 
the machine, and you will observe that these metallic points are 
all tipped with small luminous stars. They are receiving the 
electric fluid, aud conveying it to the prime conductor. 


You will see that there is a metallic ball and stem attached to 
that end of the prime conductor which is furthest from the cy- 
linder. This ball is screwed to the stem, and may be removed 
from it at pleasure, and would then expose the sharp pointed 
termination of the stem. 


When this sharp point is uncovered, and the machine in good 
action, you will observe a beautiful brush of electric light pro- 
ceeding from it; and if you present the back of your hand to 
this brush, a singular and rather pleasant sensation, something 
like a gentle stream of wind, is experienced. When a smooth 
metallic ball is presented to the point, a series of exceedingly 
minute sparks is observed; but when another fine metallic 
point is presented to it, this latter is tipped with a spot of light. 
Now as the point which is attached to the prime conductor is 
delivering the fluid and the other receiving it, we have these 
two distinct kinds of phenomena produced. The delivering 
point exhibits a brush, and the receiving one a star. 


We will now screw on the ball, and thus cover the metallic 
point ; you will now find that a series of beautiful sparks pass 
from the ball of the prime conductor to another ball presented 
to it. The snapping noise which these sparks make is occa- 
sioned by a sudden collapsion of the air which becomes dis- 
placed by the electric fluid whilst jumping from one ball to 
the other. It is from a smilar circumstance, only on a larger 
scale, that thunder is produced, by the lightning which darts 
from the clouds. In miniature, lightning is very beautifully 
imitated by the sparks which traverse the air from the prime 
conductor to the other ball ; especially when the ball, from which 
the sparks proceed, is rather small. You will now perceive 
that the sparks which pass from the small ballinthe end of the 
conductor, are ten or twelve inches in length, and that they 
travel through the air in zig-zag paths, in precisely the same 
manner as you may have observed lightning traversing the air. 
The crooked paths of the sparks, and the same remark is ap- 
plicable to lightning, are occasioned by the resistance which the 


421 Elementary Lectures on Elvctricity. 


electric fluid meets with in the air. When the fluid first sets 
out, it drives a portion of air before it, and thus suddenly cen- 
densing it in the direction of its path, causes a greater resist- 
ance in that direction than in any other. This being accom- 
plished, the electric fluid finding an easier path becomes de- 
flected from the original one; and as it performs the same ope- 
ration on the air in the new path as in the old one, it is again 
suddenly deflected: and thus by a rapid series of deflections, 
arising from the same cause, the fluid is compelled to move in 
a crooked path through the air, till it reaches its destination. 
There is also another cause which assists the resistance of the 
compressed air in producing these deflections of the electric 
fluid. The compressed air, in front of the spark, becomes 
highly charged with electric fluid, which thus operates repul- 
sively on the approaching spark, and tends to drive it out of its 
then direction. 


Approach the ball of the prime conductor with the back part 
of your hand, and you will receive a series of sparks which 
produce a sharp burning sensation. You may have on your 
glove, and still the sparks will arrive at your hand: and by 
presenting your arm to the ball, you will find that they pass 
through your coat sleeve. As we proceed I shall have to show 
you that the electric fluid is capable of perforating, and even 
tearing to pieces, those bodies which are not good conductors. 


If, instead of a ball you present a sharp pointed wire to the 
prime conductor, you no longer get any spark, but you will 
observe a pretty little luminous star on the point, which shows 
that it is receiving the fluid in a silent and almost imperceptible 
manner. Hold the point with one hand towards the prime 
conductor, and with the other hand present a ball to it. You 
get no sparks under these circumstances, although the ma- 
chine is in good order; but if you take away the pointed 
wire, you immediately get a series of sparks. Now these are 
exceedingly interesting facts, by teaching us that sharp me- 
tallic points have great influence in drawing off the electric 
fluid from those bodies which are charged with it. You may 
place the pointed wire at the distance of several inches from 
the prime conductor, and still it has the power of attracting the 
fluid from that apparatus to a great extent. You may try vege- 
table points, such as thorns, the points of green leaves, &c., 
and you will find that all of them have the same property as 
the metallic point in drawing off the electric fluid. A bunch of 
grass held at a few inches distant from the prime conductor, 
robs it of all the fluid that is communicated to it by the ma- 
chine. You will now see the necessity of keeping all kinds of 
sharp-pointed articles entircly away from the prime conductor, 
otherwise much of the fluid, intended for experiment, would be 
lost by means of them. 
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On Electric Atmospheres. By GiampatTisTa BECCARIA. 
(Concluded from page 420.) 


452. This oblique action of electric atmospheres explains 
how it comes to pass, that the atmosphere of the one surface of an 
tnsulating plate, extends itself so far as to reach the other surface 
of it; and from thence comes to be completely understood, one 
of the most perplexing experiments that occur in the science of 
electricity. The experiment has been first made by Mr. Rich- 
man: M. Epino, as l understand by Mr. Priestly’s Work, has 
related it, but as I have not been able as yet to procure his book, 
I shall describe the above experiment in the manner that it has 
constantly succeeded with me, and conformably to the analysis 
I have made of it. Let a b (Pl. V. fig. 6.) be a glass plate 
nine inches long, and seven inches wide; let m n and o p 
represent its coatings; e d, e f, are two very thin threads, an 
inch and a half long, with stripes of paper hanging from them, 
and they are annexed to the middle points of both coatings ; I 
then insulate the plate on a stick of sealing-wax, and make the 
coating M N communicate with the chain, though in sucha 
situation that the electricity from the chain does not counteract 
the electricity which is to rise inthe thread cp. From the 
ground I touch the other coating po, taking care to keep my 
finger at such a distance o from the thread EF, that it may 
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not influence its divergence ; and then I observe, I. That in 
proportion as the charge is farther promoted, both threads c d, 
e f, gradually acquire a greater divergency. II. That if, in 
this state of things, a person insulated and communicating with 
the chain, presents the palm of his hand parallel to the plate, 
near the thread cr, the latter falls; and if from the ground I 
likewise present my hand to the thread e f (still touching the 
coating in O), the thread E falls likewise. If both the hands 
that are presented to the threads, or either of them, are removed, 
both the threads, or either of them, begin again to diverge. 
III. If, when the charge is completed, I present my hand to 
the thread E r, it falls down, though I entirely leave off touch- 
ing the coating with my other hand; but, on the contrary, if 
before the charge is completed, I present my finger to the thread, 
and leave off touching the coating, it flies to my finger. 


454. All the difficulty arising from this experiment is re- 
solved by supposing (which is the truth), that the electric 
atmosphere, which (while the charge is advancing) is excited 
from the coating mn, bends its course, and actually extends 
itself to the air contiguous to the other surface of the plate ; 
hence both the coating p o, and the thread e f, being im- 
mersed in air actuated by the electric atmospliere from the 
opposite surface which is positively electrified, become electric 
by deficiency ; therefore, the thread e f diverges from the 
coating. But when afterwards I oppose my hand to this thread 
e f, my hand also becomes electric by deficiency ; hence the 
homologous electricities of the coating p o, and of my hand, 
opposing the action of each other, the thread between them falls 

en I present my hand to the thread e f, and cease at the 
same time to touch the coating, then the thread ef runs to my 
hand ; the reason of this is, that the natural fire which is con- 
tinually driving from the coating to which the thread is 
annexed, runs, the other communication being now .removed, 
to my hand through that same thread. But when the charge 
comes afterwards to be completed, as no fire is any longer 
driven from p o, then, even though I cease to touch the coat- 
ing p o, the thread e f, the coating itself, and my hand, all 
remain electric by deficiency, though the continued action of 
the electric atmosphere of the other surface m n, which, as has 
been observed above, continues to bend its course, and to flow 
to this surface p o. 


455. I demonstrate the truth of the above explanation by 
experimenting with the large plate A BC D (Pl. V. fig. 7.) I 
annex two stripes of gold leaf to the margin of its inferior coat- 
ing, and place them parallel, and near to each other; I annex 
two other stripes to the same coating, and place them somewhat 
more advanced within the compass of it; and two others be 
sides, at a still greater distance from the margin; this inferior 
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coating is then made to communicate with the ground, and the 
upper coating with the chain; when I observe, I. That in pro- 

ion as the charge advances, the electroscopes, or stripes, 
annexed to the inferior coating, gradually acquire some diver- 


gence ; but with this difference between them, that those which 


stand nearest to the margin of the coating, manifest first their 


divergence ; then those which follow them; and last of all, the - 


third siripes begin to manifest what small degree of divergence 
they may have acquired. II. The charge being completed, the 
greatest divergence still continues to take place in those stripes 


which stand nearest to the margin; a less divergence obtains in 


those stripes which have been placed in the middle; and the 
least divergence is manifested by the remotest stripes. III. All 


those stripes fly from my finger, and those which diverge least, 
increase their divergence when I place my little finger between . 
them. IV. All fly from the outside of a bottle inwardly charged 
hy excess. From these facts I therefore conclude, that all the 


stripes are electric by deficiency, as also is my finger (though 
no doubt in a less degree than the above-mentioned bottle.) 


The reason is, both they and my finger are immersed in an at- 


mosphere actuated from an excessive electricity, which, bending 
its course, flows to the inferior coating to which those stripes 


are annexed, and introduces a greater or less degree of electri- . 
city into them, according as they are situated nearer to, or farther . 
from, the edge of the plate. That a body immersed in a given 


atmosphere acquires an electricity contrary to that by which 
this atmosphere is actuated, is what I think I have demonstrated 
before, and what every body may easily ascertain. Present a 
very fine thread to the chain, and when it begins to move to- 


wards it, present your finger laterally to this thread, it will fly 


from your finger. | 
455. Fifthly, We may conclude from the above experiments, 


thatfrom hollow surfaces imperfectly closed, an electricity will be 
manifesled, which will be less in proportion as those sw faces are 


nearer being completely closed ; and in proportion as they change 


either to plane, or to convex, or to more convex, surfaces, an elec- 


tricity will be manifested around them in greater plenty and 


ei e force ; this is, because in proportion as the surface 
will be 


less hollow and closed, and will approach nearer to be- 
ing plane, the reciprocal counteraction of the atmosphere actuated 


from different points of the surface, will lessen. But as atmos- 


pheres, as we have just now observed, act also very obliquely, 
and even so much so as to bend their course from the one side 
of a plate to the other, always preserving their property of ex- 
citing an electricity contrary to that by which they were 


actuated in the beginning, it hence follows that electrical atmo- 


5 from plane surfaces, counteract each other in a less 
egree chan those which spring from concave surfaces, though 


in a greater degree than those which spring from convex 


4 


-y 
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surfaces ; so that an electricity that rushes from an infinitely 
convex surface, that is, from a very sharp point, placed at a 
great distance from any other surface that may be animated 
with an electricity homologous to its own, will be counteracted 
the least possible, will be thrown out with the greatest force, 
and will exhibit the brush or the little star. But of these im- 

ortant conclusions, I only mean in this place to drop a seed, or 
hint ; let us for the present proceed to reap other fruits from our 
analysis of the electric well.* 

456. Of such fruits or discoveries, the following is certainly a 
very valuable one, viz. that we have at length ascertained that, in 
pressing electricity, any excess of fire, any deficiency of the same, 
any kind of electricity, in short, is confined to the free open surface 
of bodies, without in the least diffusing itself into their substance. I 
say in pressing electricity, because with respect to the vivid elee- 
tricity of a spark, there is no doubt but the latter condensates 
itself for an instant within the pores of bodies, and endeavours 
to break the cohesion of their solid parts. With regard to com- 
mon, pressing, electricity, if no electricity can by it be made to 
adhere to the wide cavity of an electric well, how can we 
immagine that the electricity will better be brought to adhere 
and be accumulated within the narrow cavities of the in- 
ward pores of bodies? We cannot, it is true, suppose that 
within the substance of bodies there is any such medium 
as air, by means of which opposite atmospheres may be 
actuated ; but yet, do not the solid particles that constitute 
the partitions between the pores of such compact bodies, for 
instance gold, stand much closer to each other than do the solid 
particles ef air? Must not, therefore, the same counteraction 
and opposition take place between the portions of electric fire 
diffused within the pores of a piece of gold, as obtains, by 
means of the fire inherent in the substance of the air, between 
the homologous electricities that endeavour to accumulate them- 
selves within the cavity of the well? 

457. 2n = occasion I shall ae the reader of the obser- 
vations formerly related in page 76 of Artificial Electricity. A 
cube made only of gilt paper both attracts and gives sparks 
with the same degree of force as a similar cube of solid iren. 
Here too comes in its proper place the experiment of Dr. 
Franklin, who saw an electricity exerted on the surface of a 
metalic chain, grow more vivid in proportion as a greater pore 
tion of the said chain was gradually made to gather within a 


If the reader entertains still any doubt about the reality of the ebligue notion of electrie 
atmospheres, the following experimet will remove them. Let him place one of his band 
open under the great conductor, with a thread hanging fram the middie of it; he will Sad 
thet that this thread becomes electrified by deficiency, though the oblique astion of Ose 
atmosphere of the conductor, as well as a finger of his other haud, exposed to the direct ao~ 
Mon ofthis atmosphere; and, In fact, if be presenta that Anger to the thread, the latter will 
by trom it. 
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tumbler. I have imitated the same experiment after another 
manner. I adapt fine and short threads to the body of a man, 
to his forehead, to his back, to his legs, to his arms, &c. I bid 
him stand, with his arms and legs stretched as much as he can, 
on two insuluting stools, and then give him a spark from a 
bottle strongly charged ; when I find that the threads immedi- 
ately diverge ; though most of all, those which are least coun- 
teracted by the electricity of other adjacent parts. The man 
afterwards joins together both his legs on one stool, drops his 
arms, and at last gathers and folds his body in the same manner 
as tailors use to do; then the threads placed in those parts 
which are become close to each other, fall down; and those, on 
the contrary, which remain exposed to the free open air, in- 
crease their divergence. I repeat the experiment in a contrary 
manner, and give a spark to the man when he is thus gathered ; 
and as soon as he begins to unfold and stretch himself, the di- 
vergence of the threads in the open air lessens, and those situ- 
ated between joined parts of his body, acquire a divergence 
according as they gradually become separated from each other. 


458. If to these observations we add, that any spark, even 
the smallest, given to, or drawn from, a large conductor, always 
is seen to cause a sensible excess or deficiency in the re 
though ever so thin and comparatively small, that may be an- 
nexed to it; that any electricity excited in one part of an exten- 
sive conductor by any kind of electric atmosphere, becomes 
manifested on the whole part of that conductor which is immer- 
sed in that atmosphere, and excites an equal, but contrary one, 
on that part of the same which is net immersed, then, we shall 
be convinced, that electricity does not diffuse itself into the sub- 
stance of bodies; or, in other words, that the electrical fire is 
not condensated or dilated within the inward substance of elec- 
trified bodies. 


459. But, lastly, if electricity did really penetrate into the 
inward substance of electrified bodies, surely when I lower the 
bucket into the electrified well, and make it touch the hottom, 
a part of the electricity which, in the case we suppose, is diffused 
within the cavity of it, would also diffuse itself into the bucket, 
and be manifested on it when I extract it from the well; now, 
when the operation is carefully made, the bucket constantly 
comes out of the well without the least electricity. 


460. Lastly, The same experiments explain the following pa- 
radox, vis. that the natural quantity of fire contained within in- 
sulating bodies, is incredibly greater than the quantity contained 
in different bodies. This principle becomes farther confirmed, 
when we consider, that an hundred insulated men can scarcely 
supply the surface of a bottle with the necessary fire to charge 
it ;neither cou ld they receive the whole quantity that escapes 
from the outside of the same bottle. The same thing obtains 
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also with regard to the discharging of the bottle; an insulated 

man touches an hundred different times the coating of a charged 
bottle, the other coating of which communicates with the ground, 
-and, though after every touch he takes care to dissipate the fire 
he has received (or to recover that which he has given,) he 
never has done exciting fresh sparks from the bottle; whence I 
was induced to conclude that the bottle could give or receive 
more fire than an hundred men could receive from, or give to, 
it; and, consequently, that the natural quantity of fire in an 
ordinary glass bottle exceeded that contained in an hundred 
men. | 


461. But though we have demonstrated this truth, that the 
natural quantity of electric fire remains unaltered within the 
substance of deferent bodies, yet we have nowise demonstrated 
this, viz., that glass actually contains more fire than deferent 
bodies do. A man, for aught we know, may contain a very 
great quantity of electric fire; this only is ascertained, that he 
can give to the bottle no other fire than what he can himself re- 
‘ceive from other bodies, or receive from the same no more fire 
than he can transmit to other bodies. With respect to the air 
‘around him, as the charge of that element can be but very 
small, a man needs only receive a very small quantity of elec- 
‘tricity from it, to exhaust it ; therefore, in this case likewise, he 
‘may actually contain a very great quantity of fire, though he 
only gives to the air around him, or draws from the same, an 
‘exceeding small quantity. In order to be able to draw a great 
quantity of fire from the air, or give it to the same, a man must 
communicate with an extensive system, from which he msy 
‘draw, or to which he may transmit, such fire. 


402. The above is the essential difference between insulating 

and deferent bodies. With respect to the former, such is the 
consequence of their electrical impenetrability, that great altera- 
tions in their electric fire may be introduced in their opposite 
surfaces ; and such alterations are both equal to each other on 
the respective surfaces on which they take place, and contrary ; 
but in defergnt bodies, no such alteration can be effected, on 
account of their penetrability ; though, for aught we know, the 
density of the fire in deferent bodies may very well be equal to 
the natura] density of it in insulating bodies. 


463. I attempted to ascertain this by an immediate experi- 
ment; I insulated a wax candle a foot high, ten lines thick, on 
a glass candlestick ; I insulated a tube of glass above the candle, 
so that the flame entered it ; above the said tube I again insu 

. lated, with its head downwards, an alembic of brass, the neck 
of which was bent backwards and forwards several times; yet 
out of several very fine threads which I annexed to that neck, 
‘none manifested the least electricity, either when the glass tube 
became deferent by its being heated till it grew red hot, or 
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when the same afterwards cooled, and thereby recovered its in- 
sulating nature. 


464. But, of all others, the following observation convinces 
me most of the above truth. A strong spark from an electric 
battery will vitrify metalic particles, and thus in an instant from 
deferent render them ingulaling: yet no part of the spark is 
found afterwards to have remained aſſixed to these boclies; for 
the deficiency that may have remained on the one side of the 
battery, after a discharge of the kind we mention, is found to 
be precisely equal to the remnant of excess left on the opposite 
side. 


Description of a New Electro Magnet. By J. P. Joule Esq., 
In a Letter to the Editor. 


Boom Hill, near Manchester, April 30th, 1841. 


My Dear Sir, 


In that part of my researches on “ Electro-Magnetic Forces“ 
which was publislied in the “Annals” for September last, I proved 
that the maximum lifting power of the electro-magnet is pro- 
portional to the least transverse sectional area of the magnetic 
circuit ; and at the same time ] pointed out the method whereby 
a very great magnetic attraction could be produced between 
masses of iron of inconsiderable size. 


To illustrate my views I made several electro-magnets, the 
relative and absolute powers of which were surprising and un~ 
precedented. Two of them have been for a long time on 
exhibition at the Victoria Gallery.” 


Stimulated by my success, some gentlemen of Manchester 
have constructed electro-magnets of a variety of forms, embody- 
ing the principle of a large sectional area. The great weight 
sustained by them is another proof of the correctness of my 
views.— ] cannot in this place enter into any lengthened dis- 
cussion of them; I will only observe that Mr. Radford has the 
merit of producing an arrangement which involves a curious 
principle of magnetic action, and that Mr. Roberts has made a 
very pretty electro-magnet by planing grooves into a flat plate 
of iron :—his instrument consists virtually of a number of mine 
placed side by side. 


In the early part of January I devised an electro-magnet on 
an entirely new principle. In order to give a clear description. 
of it, I will with your permission avail myself rather 5 
ofthe lithography whien is so excellent a feature of your wor 
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Fig. 1, plate 6, is a bird's eye view of this magnetic with its 
appendages, b, b, are two rings of brass, each 12 inches in 
exterior diameter, two inches in breadth, and one inch in thick- 
ness; to each of these, pieces of iron are affixed by means of the 
bolt-headed screws, s, 3, &c.; 24 of these, m, m, &c., figs. 1 
and 2, are grooved and fastened to the upper ring; 24, a, u, &c., 
figs. 1 and 3, are plain and affixed to the lower ring. 


A bundle,“ (w, w, fig. I,) consisting of sixteen copper wires 
i(each of which was sixteen feet long and one-twentieth of an 
nch thick,) covered with a double fold of thick cotton tape, 
was bent in a zig zag direction about the grooved pieces, m, m, 
&c., as seen in the figure. 


Fig. 4 represents the method which I adopted for the purpose 
of giving the electro-magnelic ring a firm and equable suspen- 
sion. a, a, are hoops of wrought iron, to each of which four 
bars of the same metal are rivetted, and welded together at the 
other end into a very strong hook. The hoops are bound down 
to the brass rings by means of copper wires. c, c, &c. 


I arranged sixteen of your cast iron pairst (so valuable where 
a convenient and powerful battery is desired) into a series of 
four. The poles of the battery were connected by means of 
large strips of copper, with the magnetizing wires; and a 
weight of 27 10lbs. was suspended from the armature without 
separating it from the electro-magnet. Theoretically, the max- 
imum power is 0:635 (the least sectional area) x 24 x 280 = 
4267 lbs.; and I have no doubt that by the use of some precau- 
tions which have occurred to me since making the above expe- 
riment, the actual power will be very considerably augmented. 


The weight of the picces of grooved iron is 7-025lbs., and 
that of the plain pieces 4°55lbs. The power per lb. of mag- 


2710 
— —— — 23. 
Takin ~" 284lbs. 


netized metal was therefore 

When the apparatus is in the position which is represented 
by figs. 1 and 4, it is evident that the zig-zag ring of iron 18 
magnetized by the conducting wire in precisely the same man- 
ner as the plain ring r, fig. 5, would be by the passage of elec- 
tricity along the wire , æ, which is coiled upon it ;—wherever 
such a ring is cut, the display of maximum lifting power is 
proportional to the least transverse scctional area of the entire 
magnetic circuit. l 

My plan of covering a bundle of wires with tape has bten copied with success by Ar. 
Roberts aud Mr. Radford. 

+ I described these in Vol. 5, p. 198. They consist of boxes one foot square, and one ined 
and a half in interior width. With the arrangement of them described in the text, I bare 
succeeded in producing a continued tlame of electricity onc-eigbth of an inch long: a strike 
ing distance, which is, I believe, altogether unprecedented when four pairs only are in 
der. Os. 
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In the above position it is impossible to consider the instru- 
ment other than a single electro-magnet ; but when the arma- 
ture is turned so as to cause the plain pieces which are athxed 
to it to cover the grooves of the other pieces, it is converted 
into a compound electro-magnet, the lifting power of which 1 
have not yet ascertained, 

I remain, dear Sir, yours respectfully, 


J. P. JOULE, 
Wm. Sturgeon, Esg., Royal Victoria Gallery, 
Manchester. 
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On the Anhydrous Sulphate of Ammonia, (Sulphat Ammon.) 
By HEIN RICHñ lose. 


(From Poggendor{{’s Annalen der Physik and Chemie, No. 1, 1810. 


Whilst I was endeavouring to separate the excess of sul- 
phuric acid from a solution of its combination with anhydrous 
sulphate of ammonia, (super sulphate of ammonia) by carbonate 
of barytes, I happened to obtain large crystals from the fluid 
separated from the sulphate and carbonate of barytes, I sup- 
pused these to be crystallized anhydrous sulphate of ammonia. 


As Thad obtained only a small quantity of these crystals, I 
determined not to analyse them; instead of which, I operated 
on the imperfectly crystallized mass, which was formed by 
evaporation over sulphuric acid ; and obtained, at the same time, 
with those crystals. I found, in this mass, only 07°47 per cent. 
of sulphuric acid, instead of 70:03, which, according to calcula- 
tion, are contained in anhydrous sulphate of ammouia.* 


Since that time, I have separated greater quantities of the 
free acid from the anhydrous super-sulphate of ammonia, and 
have obtained a greater abundance of the above-mentioned 
crystals: at the same time I enquired more accurately into the 
operation of water on the anhydrous sulphate of ammonia, 
which had been prepared with particular care, and was com- 
pletely neutral. I also convinced myself, that. when from a 
solution of the acid compound, the excess of acid is separated by 
means of carbonate of barytes, the remaining neutral solution 
contains neutral salts, as decidedly as they are contained by a 
solution immediately formed by anhydrous ammonia and pure 
sulphuric acid. 


e Poggendorf’s Annalen, Bd. XLVII, S. 471. 
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I have, also, by a new examination of the properties and com- 
position of neutral anhydrous sulphate of ammonia, discovered 
some facts, which will serve to complete those investigations 
which I have already made known in previous essays on this 
salt.“ 


The anhydrous sulphate of ammonia, I propose to name 
sulphat ammon, and one of the two salts which I have obtained 
from its aqueous solution, I shall, for the present, call parasuphat 
ammon, and the other deliquisent salt ; but it is only provision- 
ally that I employ the terms su/phat and parasulphat-ammon to 
those salts. I shall willingly withdraw these terms, it the 
sagacious views of Dr. Kane, on the nature of ammonia, become 
more generally received; according to which, ammonia is con- 
sidered as an amide of hydrogen. By this hypothesis, indeed, 
those phenomena which the compounds of anhydrous sulphuric 
acid with ammonia exhibit by reagents, can be more directly 
and satisfactorily explained than by any other. Notwithstand- 
ing, however, the numerous compounds of ammonia with oxy- 
acids and with water, may probably be better explained by the 
theoretical views of Berzelius, according to which, these com- 
pounds contain the oxide of ammonium. This simple theory is 
plausible, and extensive in its application, especially as these 
salts, in point of composition, are completcly analogous with 
salts containing other basis. 


J. Neutral Anhydrous Sulphate of Ammonia, (Sulphat-Ammon.) 


The principal properties of this compound I have already 
given in a former essay, in which I mentioned its behaviour 
with solutions of salts of barytes, with oxide of lead, strontia 
and lime, and also with chloride of platinum. Other reagents, 
which immediately indicate the presence of ammonia in a solu- 
tion of the oxide of ammonium, develope that substance but very 
imperfectly in a solution of sulphat-ammon. For the purpose 
of ascertaining this point with the greatest degree of accuracy, 
equal parts, by weight, of very pure sulyhal-ammon, and of 
sulphate of oxide of ammonium, were each dissolved in nine 
times its weight of water, and both solutions tested with the 
same reagent. In a smaller proportion of water than here men- 
tioned, the sulphat-ammon does not dissolve completely. 


On applying a solution of sulphate of alumina to the solu- 
tion of oxide of ammonium, a good crop of crystals of alum was 
immediately produced; whilst a similar application to the 
solution of sulphat-ammon,for a while appeared to have no such 
action ; though in time a small insignificant quantity cf alum, 
crystals became formed. A concentrated solution of racemic 


* Poggendorff's Annalen, Bd. XLVII. S. 81. 
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acid, which, for ammonia is a more delicate reagent than the 
tartaric acid, produced similar effects. But the precipitation, 
by this reagent, was much more considerable in the solution of 
sulphate ef oxide of ammonia than in the solution of sulphat- 
ammon. 


A solution of carbazotic acid (Kohlenstickstoffsaiire) acted in 
a similar manner. It immediately occasioned copious precipi- 
tation in the solution of the sulphate of oxide of ammonium ; 
whereas in the solution of sulphat-ammon a longer time is re- 
quired to obtain even a very inferior degree of precipitation. 
I have ascertained, moreover, that all reagents which separate 
ammonia from the solution of sulphate of oxide of ammonium, 
separate it but very sparingly from solutions of sulphat-ammon. 


The sulphat-ammon appears to be a homogenous uucrystal- 
ized powder. Even under the microscope no trace of crystal- 
.lization is perceptible amongst its minute particles. They are 
uniformly of the same kind, and perfectly homogenous. 


Like other pulverable bodies, the sulphat-ammon attracts 
humidity from the atmospheric air, which consequently adds to 
its weight: but this moisture may be completely evaporated by 
-means of a water bath without any change being produced in 
the properties of the salt; which, by subsequent exposure to 
the atmosphere again absorbs as much water as before. 


I have, it is true, already made known the analysis of sul- 
phat-ammon: but I found it necessary to repeat that analysis 
by a series of more instructive experiments, which I have had 
an opportunity of carrying on by operating on a considerable 
quantity of this salt in a state of great purity. But, as I have 
in another place more particularly stated, it is very difficult to 
obtain the sulphat-ammon perfectly pure, in any considerable 
quantities. The best proof of its purity is that it not only 
reddens litmus paper very feebly, but even, afterwards, turns it 
somewhat blue. And although these eflects are exceedingly 
feeble, it is necessary to keep the salt in a well stopped bottle, 
which is well charged with ammoniacal gas. If litmus paper, 
which has been moistened in an aqueous solution of sulphat- 
ammon, be dried in the air, it reddens; which is a property in 
common with sulphate of oxide of ammonium, and almost all 
the ammoniacal salts. 


One hundred parts of sulphat-ammon were treated with a 
-solution of chloride of barium ; the whole evaporated to dry- 
ness, and the dry mass brought toa glowing red heat. This was 
afterwards covered with a mixture of hydrochloric acid and 
water, which produced 203°7873 parts of sulphate of barytes.* 


* The author operates upon 1,399 grm. of sulphat-ammon, and obtains 
2,851 grm, of sulphate of barytes.:. 1,399 : 2,851 :: 100: 203'7878 nearly. 
— TRANS. 
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It ia only by these means that we can possibly convert the whole 
of the sulphuric acid into sulphate of barytes. Besides, it is 
obtained only by frequent filtering, which is a tedious process. 
The sulphate of barytes thus procured indicates 70°04 per cent. 
of sulphuric acid in the sulphat-ammon, which agrees as nearly 
as possible with the formula 8 N Es: by which we calculate 
the contained sulphuric acid to be 70:03 per cent. This result 
is also confirmed by several other analysis of sulphat-ammon. 


II.—Parasulphat-Ammon. 


I have, provisionally, given this name to a remarkable salt, 
which, by concentratiou of an aqueous solution of sulphat-am- 
mon, shoots into large well-formed crystals: and may likewise 
be obtained from a combination of sulphat-ammon with anhy- 
drous acid, by a method already mentioned. These are the 
crystals of this composition which my brother has described at 
page 476 of the 47th vol. of these Annals.—(Poggendorff’s.) 


These crystals are obtained by concentrating the solution by 
evaporation ; but this solution, like that of the sulphate of oxide 
of ammonium, becomes slightly acid by long heating ; and then 
contains a small portion of sulphuric acid, by which the pro- 
perties of this compound are prevented from being distinctly 
ascertained. It is therefore judicious to evaporate the solution 
over concentrated sulphuric acid in a vacuum. When fine well- 
formed crystals are wanted, the evaporation must proceed very 
slowly. 

By further evaporation of the mother liquor another salt is 
obtained, whose properties essentially differ from those of the 
former large crystals: but it is difficult to separate the one from 
the other, especially if a considerable portion of sulphat-ammon 
be not operated on. ‘This salt attracts moisture from the atmos- 
phere, which is not the case with crystals of parasul phat-ammon, 
which, when perfectly dry, suffers no change by exposure to 
the air. 

The parasulphat-ammon is somewhat more soluble than sul- 
phat-ammon. Its solution is neutral to litmuspaper. It also 
remains neutral for a long time, when care is taken to prevent 
its evaporation and crystallization. If, however, the salt be 
moistened with water, it shortly acquires the property of red- 
dening litmus paper. The solution has then also other proper- 
ties, and behaves to other reagents in a very different manner 
to the action shown by the unmoistened salt. 


The acid reaction which this salt acquires by moisture may 
probably originate from the water having expelled sume of the 
ammonia which would volatalize. It also appears that the car- 
bonic acid of the atmosphere has some influence in this busi- 
ness; for wher a solution of parasulphat-ammon is slowly eva- 
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in the cold over sulphuric acid, with excess of air, it, 
ike the mother liquor, often becomes considerably acid, which 
is not the case when evaporated in a vacuum. 


When the crystals of this salt are obtained, no attempt must 
be made to cleanse them from the mother liquor by washing 
them with water. They are only to be dried with blotting 
paper. 

That which partially characterises parasulphat-ammon, and 
distinguishes it from sulphat-ammon is, that the solution of its 
dry salt is not rendered turbid by the salts of barytes and of 
lead; even when they remain together for a long time. This 
property is sometimes with difficulty observable, partly because 
the crystals may contain a portion of the mother liquor, from 
which they have been taken, and therefore are impure by con- 
taining a deliquescent salt; and partly because they have got 
moistened by exposure to the atmosphere for some time, which 
also communicates an impurity, and causes their solution to 
redden litmus paper. In both cases the solutions of the salts 
immediately produce precipitations of barytes and of lead. 


If to the solution of parasulphat-ammon we put hydrochloric 
acid and a solution of the chloride of barium, the liquid con- 
tinues E clear for some considerable time. In about 
twelve hours, however, there forms in the solution a precipitate 
of sulphate of barytes: but this does not occur in the absence 
of the hydrochloric acid. ` 

In the property of not ipitating the solution of tesin 
the cold, the ee e is similar to the 3 
which Regnault obtained by saturating one of his discovered 
sulphates of chloride of sulphur, SC! ＋ 28 (SC!) with 
ahhydrous ammonia :* and which he regarded as a mixture of sale 
ammoniac with a sulphamide (8 N H), The solution of this 
mixture, according to Regnault, gives no cloudiness by adding 
solutions of barytic salts, even when permitted to remain long 
in contact. Regnault was unable, by crystallization, to sepa- 
rate the sulphamide from the sal-ammoniac. He remarks, more- 
over, that the compound which he obtained very soon attracts 
moisture from the atmospheric air, which, as has already been 
remarked, is not the case with crystals of parasulphat-ammon. 
Even sulphat-ammon does not melt in the air. 


In this case also, the results of the analysis show, that the 
crystals cannot be regarded as an anhydrous sulfamide. 100 
5 of this salt were dissolved in water, and mixed with a so- 
— of chloride of barium, and boiled. By boiling for some 

me there appeared a precipitate of the sulphate of barytes ; 
though much slower and less significantly than that which 


0 Annales de Chemie et de Physique. T. LXIX, p. 170. 
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occurs under similar circumstances, with a solution of sulphat- 
ammon. The whole was evaporated to dryness: the residue 
heated to an incipient redness, and treated with hydrochloric 
acid and water, left 204-044 parts“ of sulphate of barytes. This 
is equivalent to 70 per cent. of sulphuric acid in the compound. 

This result shows as nearly as possible that these crystals 
possess the same per centage composition as the anhydrous sul- 
phate of ammonia, or sulphat-ammon. If, in an anhydrous 
sulfamide, S N H? the sulphur were completely converted into 


sulphuric acid; we should obtain 83°08 per cent. of sulphuric 
acid from the sulfamide employed. 


One hundred parts of crystal of parsulphat-ammon, which 
had been prepared at another time, gave, by a similar treat- 


ment, 204°495+ parts of sulphate of barytes. This result 


answers to 70.29 per cent. of sulphuric acid in the compound. 


If we regard my prepared crystals, on account of their simi- 
larity to Regnault’s compound, as a sulfamide, it must be looked 
upon as an hydrated sulfamide 8 N H: H. Since, however, 
the existence of hydrous amides has not yet been proved; and 
in many respects appear even improbable, 1 have named these 
crystals parasulphat-ammon, or parsulphammon ; because of their 
similar per centage composition to that of sulphat-ammon. 


In the solution of parasulphat-ammon, the ammonia is still 
more imperfectly separated by reagents than in the solution of 
sulphat-ammon. In equally concentrated solutions (one part 
of the salt in nine parts of water,) a very concentrated solution 
of tartaric acid, even after being many days in the solution of 
parasulphat-ammon, shows no formation of supertartrate of 
ammonia ; whilst in that of the sulphat-ammon, a precipitation, 
though not copiously, is brought on. A concentrated solution 
of racemic acid produces, although not ‘immediately, but after 
some time, a very feeble precipitation of crystal in the solution 
of parasulphat-ammon: which are ever much more insignifi- 
cant than those which, under similar circumstances, are obtai 
in the solution of sulphat-ammon. Solutions of chloride of pla- 
tidum, carbozetic acid, and sulphate of alumina, beliave towards 
or operate upon, the solution of parasulphat-unmon, as towards 
that of sulphat-ammon. 


Little as is the indication of the presence of sulphuric acid 
in a solution of parasulphat-ammon, by treatment with solu- 
tions of the sults of barytes and of lead ; it is quite as little as 
might be expected, by solutions of the salts of strontia and of 
lime. 

In the original the numbers . Then 
1,014 : 2065 : : 100: 204-043 nearly. 6 


+ In the original the numb ] „: e 101 2047: 
10) 204.485 gi 95 1e numbers are 1,001 and 2,047 00 ; 


By Heinrich Rose. 439 


J have long doubted that crystals of parasulphat-ammon essen- 
tially differ from sulphat-ammon; any further than that of their 
crystalline forms. It is well known how difficult it is to obtain 
perfectly anhydrous sulphuric acid; and if it contain only a trace 
of hydrated sulphuric acid, a corresponding trace of sulphate of 
ammonia is formed, by saturation with dry ammoniacal gas: and 
then the solution of barytes being so extremely sensible a reagent 
for sulphuric acid, it might easily occur that the solution of sul- 
phat-ammon wouldbecome slightly precipitated, in the cold, by the 
solution of barytes ; because of its being impure by the presence 
of the sulphate of oxide of ammonium. 


It is true, however, that the solution of parasulphat-ammon, 
acts somewhat differently to that of sulphat-ammon, towards solu- 
tions of barytes and lead, and other reagents, snch as the tartaric 
and rasemic acids. The sulphat-ammon is, also, somewhat more 
difficult of dissolution than the parasulphat-ammon, and does not 
so easily acidiſy when in a moist condition. But all these circum- 
stances are of too little importance to enable us to decide with cer- 
tainty, that the parasulphat-ammon differs from sulphat-ammon, 
only as an isometeric substance. 


I have been induced to form this opinion from the following 
facts. If to a cold solution of pure sulphat-ammon a neutral so- 
lution of chloride of barium be added; where, of course, no free 
acid is supposed to exist, and sulphate of barytes be permitted to 
be completely precipitated : and in half an hour or an hour after- 
wards we filter the liquor, in a few hours more the clear liquid 
again becomes troubled, and sulphate of barytes begins to fall 
down: and this takes place even after other filtrations of the trou- 
bled liquid. This is net the case with a solution of parasulphat- 
ammon, which will remain clear in the cold for many months, if 
no free acid be added. In these experiments equal weights of 
both isometrical substances were dissolved in similar quantities of 
water, and treated with the same quantity of the solution of chlo- 
ride of barium. 


I consider these different attributes to indicate an essential dif- 
ference between these substances: and the following series of ex- 
periments are also perfectly decisive on this point. 


One hundred parts of very puro sulphat-ammon weighed 97:9* 
parts after drying in a water bath. This salt was then dissolved in 
cold water, without any acid, and mixed with a cold solution of 
chloride of barium. An hour after mixing, the sulphate of barytes 
was separated by the filter and washed with cold water, but towards 
the end, with warm water. It amounted to 51°71 parts: ans- 
wering to 18°16 per cent of sulphuric acid. To the filtered solu- 


* In the original the numbers are 1,516 grm. and 1, 484 grm. therefore 
1'516 : 1-484: : 100: 97:9 nearly. 


+ Original is 0-784 gm. 
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tion, hydrochloric acid was added, and then evaporated to dryness. 
The dry residue slightly heated, treated with water and hydrochlo- 
ric acid, gave 13°75* of sulphate of barytes; which answers to 
51°16 per cent. of sulphuric acid. The quantity of sulphuric acid 
contained in this substance amounts to 69:32 per cent, which, by 
calculation, is very near the quantity contained in sulphat-ammon. 


Suppose, now, that the 18°16 per cent. of sulphuric acid is pre- 
cipitated in the cold, to be derived from an admixture of sulphate 
of ammonia with sulphat-ammon, they would answer, or be equi- 
valent to 30-01 per cent. of sulphate of ammonia. The 51°16 per 
cent. of sulphuric acid obtained by evaporation, indicates 73-05 
per cent. of sulphat-ammon; which gives an excess of 3-06 per 
cent. which the analysis does not admit of. 


There are two additional experimental enquiries which have 
shown the decided difference between sulphat-ammon and parasul- 
phat ammon. 100 partst of the same kind of sulphat-ammon as 
that before operated on, and corresponding to 97-93 parts: of dried 
sulphat-ammon, were dissolved cold with a solution of chloride of 
barium, gave 63°84§ of sulphate of barytes; which, in half an 


hour after precipitation, was separated by the filter; and answers 
to 22°41 per cent. of sulphuric acid in the salt. In another expe- 
riment the sulphate of barytes-was separated an hour after the pre- 
cipitation, and gave 23°49 per cent of sulphuric acid. In neither 
of the above experiments was the quantity of sulphate of barytes 
ascertained. 


It is obvious, however, that the quantities of sulphuric acid, 
when precipitated in the cold, may differ very considerably. The 
quantity of sulphate of barytes obtained in the cold by a solution 
of the chloride of barium, depends upon the quantity of water in 
which the sulphat-ammon is dissolved, the concentration of the 
solution of chloride of barium, and also upon the time of standing 
before filtration. 

Were we to suppose, that in the last described experiment, 
the sulphuric acid precipitated in the cold is derived from the 
sulphate of oxide of ammonium, there would arise greater con- 
tradictions than would attend the results of the first-mentioned 
analysis ; for 22°41 parts of sulphuric acid would correspond 
to 37:03 parts of sulphate of oxide of ammoninm. The dif- 
ferent analyses of the sulphat-ammon having constantly given 
70°03 per cent., or very nearly of sulphuric acid, there would 
be obtained by further treatment 47°62 per ceut. of the same 
acid, which corresponds to 68 parts of the sulphat of ammen. 


s Original is 2'209 grm. 
+ Original is 1665 grm. 
t Original is 1-630 grm, 
\| Original ia 1:063 grm, 
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In this case, however, the quantities of sulphate of oxide of 
ammonium, and of the sulphat-ammon would amount to 105-03 
per cent, and thus the analysis would indicate 5-03 per cent, 
in excess. 


By the preceding examination of the sulphat-ammon, in the 
cold, 23°49 per cent. of sulphuric acid were obtained. If these 
yield 38°81 parts of sulphate of oxide of ammonium ; and if, 
46:54 parts of sulphuric acid, obtained by evaporation, answer 
to 66:46 parts of sulphat-ammon, the analysis would have given 
5°27 per cent. of excess. 


III. TAS Deliquescent Salt. 


This salt, as has already been remarked, is contained in the 
miother-liquor from which the parasulphat-ammon has been 
obtained by crystallization. If we evaporate this to dryness 
over sulphuric acid in a vacuum, we obtain imperfect crystals, 
or only papillary crystallized crusts, which, in time, attract 
moisture from the air, and eventually deliquesce. 


It is very difficult to obtain this salt perfectly free from 
parasulphat-ammon. It is, indeed, more soluble, although the 
ulphat is not very difficultly soluble, which makes it 
impossible to separate them when small quantities are operated 
on, By operating on larger quantities I have accomplished 
their separation. In this case I permitted the mass, which was 
obtained from the mother-liquor when evaporated to dryness 
over concentrated sulphuric acid in vacuo, to partly deliquesce 
in the atmosphere, or by adding a few drops of water to it. 
the small portion of dissolved salt to dryness 
as before, and afterwards analysed it. : 


When this salt contains parasulphat-ammon, and is slowly 
evaporated over sulphuric acid in the open air, the moist 
crystals very readily become acid. We must therefore pick out 
the crystals of parasulphat-ammon as much as possible from the 
dried mass: the deliquescent salt must then be dissolved in 
water, and add ¢arbonate of barytes to saturate the free acid, 
and again evaporate over sulphuric acid in vacuo. 


This salt crystallizes so very imperfectly, that one cannot 
ascertain the crystalline forms—they are usually mere crusts 3 
and any crystals which one observes with bright faces, are 
parasulphat-ammon. 

_ The solution of this salt precipitates solutions of 
mamediately ; but, as also happens with the solution of sulphat- 
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ammon, the whole of the sulphuric acid is not precipitated in the 
state of sulphate of barytes. When hydrochloric acid is added 
to the solution, more of the sulphate of barytes is precipitated 
in the cold than without the acid. A solution of chloride of 
strontium produ¢es no immediate precipitation in solutions of 
this salt unless very concentrated : in which case, a very prompt 
precipitation appears. This fact distinguishes it from sulphat- 
ammon. If equal quantities of both salts be dissolved in equal 
quantities of water, neither of the solutions are precipitated by a 
dilute solution of the salts of strontia: but after standing for 
some time, that re-agent, if not too dilute, causes precipitation 
in the solution of the deliquescent salt, whilst that of sulphat- 
ammon remains clear. 


A solution of acetate of lead precipitates the solution of the 
deliquescent salt in the same manner as that of sulphat-ammon. 
A solution of chloride of calcium does not affect either of these 
solutions. 


Solutions of chloride of platinum, sulphate of alumina, tartaric 
acid, racemic acid, and carbazotic acid behave towards a solu- 
tion of deliquescent salt as towards one of sulphat-ammon. 


It is difficult to prevent the solution of this salt from reacting 
as a feeble acid on litmus paper: but this reaction is very insig- 
nificant when the salt is well prepared. 


The salt which was prepared in vacuo was afterwards dried 
on a water bath until it ceased to lose any more weight. One 
hundred parts of this dried salt dissolved in water, mixed with 
a solution of the chloride of barium, and permitted to stand 
for twenty-four hours in the cold, gave 20°42 parts of sulphate 
of barytes. Hydrochloric acid being added to the filtered 
solution, it was afterwards evaporated to dryness, and the residue 
heated with hydrochloric acid. The quantity of sulphate of 
bartyes now precipitated was 166°18 parts. The quantity of 
sulphate of bartyes, precipitated in the cold amounts to scarcely 
one-eighth of that which was obtained by the former operation. 
Both quantities gave 64°14 per cent. of sulphuric acid in this 
salt. This answers nearly toa compound of anhydrous sulphate 
of oxide of ammonium, with 4 an atom of water combined, 
which by the formula 8 N H3 x 4 H contains in a hundred parts. 


Sulphuric acid . . . 6493. 
Ammonia 266666 27°79. 
/; ſ d secs 7°28. 


100-00. 
By a repetition of this experiment with a small portion of 
‘this salt, obtained at another time, from a solution of pure 
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sulphat-ammon, I got in the cold from 100 parts, by adding 
hydrochloric acid and chloride of barium, 106-06 parts of 
sulphate of barytes: and the residue, after evaporating to 
dryness and again treating it with hydrochlaric acid, yielded 
84°62 parts more of the sulphate of barytes. We sec, from 
these results, that more sulphuric acid is precipitated from this 
salt in the cold when mixed with hydrochloric acid than when 
this acid is not the used. 


Both quantities of sulphate of barytes indicate 65°54 per 
cent. of sulphuric acid in the salt. The small excess is 
obviously derived from some small portion of parasulphat- 
ammon contained in the salt, in consequence of its being 
obtained from only a small quantity of sulphat-ammon. 


When I prepared the crystals of parasulphat-ammon the first 
time, having obtained but a small portion, I resolved not to 
analyse them, but to examine the incomplete crystalline mass 
obtained by evaporating to dryness, which must consist of a 
mixture of deliquescent salt and parasulphat-ammon* The 
investigation has confirmed this fact, as I have found only 
67-47 per cent. of sulphuric acid in the mixed substance. 


The hydrous sulphat-ammon is quite analogous to a salt 
which I discovered whilst examining the compounds of carbonic 
acid and ammonia,t and which consists of anhydrous carbonate 
of ammonia, with half an atom of water, necessary to convert 
the ammonium into oxide of ammonium. We may take the 
same view of the hydrous sulphat-ammon; and also with a 
compound of sulphat-anmon with sulphate of the oxide of 
ammonium 8 N H34- S N Mt. The salt may, perhaps, be 
formed by saturating the first hydrate of sulphuric acid 
2 ˙8˙＋ H contained in the Nordhausen oil of vitriol with dry 
ammonical gas. 


The deliquescent salt, without doubt, originates in the 
parasulphat-ammon when dissolved in water, and permitted to 
remain for some time in contact with it. Very pure crystals of 
parasulphat-ammon, which are entirely free from deliquescent 
salt, if dissolved in water, and evaporated over sulphuric 
acid in vacuo, will always yield a considerable quantity of 
deliquescent salt among the crystals of parasulphat-ammon. 


As the crystals of parasulphat-ammon become acid by long 
exposure to damp atmospheric air, it appeared to me of some 
interest to inquire into the nature of the change which they 
suffer. Selected pure crystals were reduced to a powder, and 
moistened some hours, by which treatment the salt acquired an 
acid reaction. It was then perfectly dried in a water bath 


* Poggendurff's Annalen, Bd, XLVII, S, 474 
+ Ibid, BXXXXYVI, S. 373. 
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One hundred parts of the dried salt were dissolved in cold 
water. The solution reddened litmus paper, but not very 
strongly: and gave a precipitate with a solution of chloride of 
barium. By the. method often hitherto described, I obtained 
198:19 parts of sulphate of barytes, which is equivalent to 
68:13 per cent. of sulphuric acid in the salt. It appears from 
this result, that the parasulphat-ammon, by moistening with 
water, becomes partially converted into the deliquescent salt. 
The acid reaction arises from the presence of free hydrate of 
sulphuric acid: 


It results from these investigations, that although sulphat- 
ammon appears to dissolve in water without suffering decom- 
position, yet, when the solution is brought to crystallization, 
the obtained crystals, notwithstanding their similarity of 
composition with those of sulphat-ammon, do possess many 
properties which it does not exhibit. In the solution of sulphat- 
ammon, the constituents of the water are more easily combined 
with it by the operation of some re- agents, and the compound 
thus becomes changed more readily. This is the case with the 
crystallized sulphat-ammon, or the parasulphat-ammon which 
withstand more powerfully the operation of such re-agents. 
The conditions of sulphat-ammon and parasulphat-ammon may 
be compared with the vitrious and crystalline conditions of 
certain bodies, in which different properties are exhibited, not- 
w thstanding their solutions shew no such a difference of modi- 
fication as those of anhydrous sulphate of ammonia. 

The combinations of anhydrous sulphuric acid with ammonia, 
may, according to Dr. Kane’s views, be considered as a hydrate 
of sulphuric acid ; by supposing the ammonia as an amide of 
hydrogen, and that amide to combine in a similar manner with 
other bodies, such as oxygen and chlorine: with which the 
amide of hydrogen becomes a body analagous to the oxide and 
chloride of hydrogen. When, however, sulphuric acid is com- 
bined with water, or other oxybases, it may possess very dif- 
ferent properties to those which it exhibits when combined with 
an amide of hydrogen. We have, in fact, recently become 
acquainted with a great number of cases in which the sulphuric 
acid, when combined with certain substances, as for example, 
with the oxide of ethule, and other bodies of organic origin, 
loses some of those properties by which we were previously 
habituated to characterize it: especially that of forming an 
insoluble precipitate with solutions of salts of barytes. 

Hypothetical as this view may be, the explanation which Dr. 
Kane gives of the compounds of ammonia with hydreus oxiacids 
is equally so. It is well known that Berzelus considers these 
salts as an oxide of ammonium ; and by this view, the analogy 
of them with those formed with other oxybases is maintained: 


* 
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as is also the isomorphism of some salts of potash and of oxide 
of ammonium: which hypothesis became rapidly and almost 
universally adopted. But upon Dr. Kane's hypothesis, this 
numerous class of ammonical salts consists of combinations of 
acids with two bases, the oxide and the amide of hydrogen: 
and the sulphate of the oxide of ammonium will, accordingly 
with this hypothesis, become analogous to several sulphates, 
which, at higher temperatures, retain one atom of water. But 
the direct analogy and isomorphism of these ammonical salts, 
with the salts of potash, instead of being supported, will, ac- 
cording to Dr. Kane’s views, be thrown into the back ground. 
Graham also explains them as a proper acknowledgment of the 
theory of Kane, and upon similar grounds, of the views of 
Berzelius.“ 


I will now make a few remarks on the analogy of the com- 
pounds of sulphurie acid with ammonia, and of bicarburetted 
hydrogen, (Elayl or Atherol of Berzelius) which was pointed 
out, by Dumas, a long time ago.t The elayl and the ammo- 
nium, when combined with hydrogen, one of the hypothetical 
radicals, ethyle. the other no less hypothetical radical, ammo- 
nium. Both radicals may be combined with sulphur, chlorine, 
bromine, and iodine. When united with the elements of water, 
one yields the base, oxide of æthyle; the other the base, the 
oxide of ammonium. Both bases unite with anhydrous oxy- 
acids. Moreover, bicarburetted hydrogen, as well as ammonia, 
combine directly with anhydrous sulphuric acid. This acid will 
also combine with oxide of æthyle; which compound is found 
in the sulpho-tartaric acid, and in its salts: also in oxide of 
ammonium. The sulphuric acid also forms compounds with 
elayl, or rather with atherol ; as well as with ammonia, which 
contain so much water or its elements, that only one half of 
the bicarburetted hydrogen and the ammonia can be converted 
into the oxide of wthyle, or the oxide of ammonium. The 
former compound is the oil of wine (sulphate of the oxide of 
æthyle—therol:) the latter the deliquescent salt, retained in 
the mother-water from which the parasulphate-ammon has been 
separated by crystallization. 


From these comparisons, however, we are not to place much 
importance ; for they refer only to a certain analogy in the 
composition, which itself may be regarded as a remote one: 
because bicarburetted hydrogen and ammonia differ with respect 
to their number of elements. Still less will this comparison 
hold good by referring to the very different properties of those 
substances, which at no time have even a remote resemblance 
of each other. 


Elements of Chemistry, by Thomas Graham, p. 417. 
* Poggendorff's Annalen, Bd. XLII. S, 452. 
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On Almospherical Electric Apparatus, and Experiments. By 
W. H. Weers, Esq., Surgeon, Lecturer on Philosophical 
and Operative Chemistry, &c., described in a Letter to 
the Editor. 


High-street, Sandwich, 15th May, 1841. 


My Dear Sir, 


The phenomena originating in that peculiar property of 
electricity, denominated the lateral explosion, as no one can 
better aware than yourself, have, from the time of the philoso- 
phical Priestly, down to the present brilliant period in the 
history of this important science, occasionally commanded the 
attention of its most eminent professors. This subject, ever of 
the highest order, in reference to the grand practical operation 
of Franklin, has recently attained an accession of interest from 
the laudable design manifested with a view to the protection of 
the British navy, by the adoption of a system of marine lightning 
conductors ; and, I assure you, it is with feelings of grest 
satisfaction that I have witnessed the distinguished position you 
have taken and maintained on the field of controversy, in which 
the electricians of all countries have, from the vital interest of 
the inquiry, been more or less induced to engage. My senti- 
mentsas well as my individual share of past experience, in relation 
to such practical facts as tend most directly to elucidate the 
extreme danger of lateral discharges from lightning rods, ben 
placed in vicinal situations with combustible bodies, or sub- 
stances possessing even a very moderate capability of ignition, 
must be already tolerably familiar to you, from the occasional— 
and to me gratifying—correspondence of the last two or three 
years ; but I am now bound to tender you my especial 
for having, by your letters of the 30th March, and 19th April 
current, renewed my attention to the subject; and at the same 
time, suggested an experiment of a most decided character, 
through the instrumentality of my atmospheric apparatus, very 
briefly described at p. 89, vol 6, of the Annals of Electricity, 
Magnetism, and Chemistry.” 


In your communication of the 19th ultimo, you have moet 
philosophically remarked, that although we frequently employ 
an extensive coated surface of glass to mimic some of 
effects of lightning, that apparatus is very far from being 
imitative of a cloud floating in the air: neither is its electric 
condition, when charged, any thing like that of a highly 
charged cloud. The electric condition of an extended wire in 
the atmosphere, either by means of a kite, or in the manner of 
your apparatus, is the nearest to that of a cloud, that we can 
arrive at artificially ; unless indeed, we could, elevate an 
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enormous coated balloon to a great height.” Since the re« 
organization of my atmospheric machinery, which, as you have 
previously understood, encountered very serious derangement 
from the tremendous gales of the late winter, every day’s 
experience has tended to confirm the truth of your observations: 
Having, in the early part of the present month, completed my 
aerial arrangements, and brought the apparatus into an ex- 
tremely delicate state of insulation, I soon found that even the 
passage of a very moderate current of electricity from the 
terminus to the lower ball in connexion with the ground, was 
sufficient to produce a laternal spark, when a third ball, as sug- 
gested by yourself, was presented to the one intermediate and 
uninsulated ; and this occurred not only when ordinary modifi- 
cations of cloud were in progress over the line of wire, but also 
during the continuance of a transparent blue sky, accompanied 
by a moderate breeze from the eastward, a condition of atmos- 
phere which never fails to induce an electric current from the 
wire, attended by sparks, a pungent pricking sensation to the 
skin of the hands, and smart occasional shocks to the unguarded 
operator. It was, however, reserved for the concentrated. 
energies of a magnificent thunder-cloud advancing over the 
line of our atmospheric arrangements, about noon on Sunday 
the 9th instant., to crown the evidence of this experimental 
series. From the cloud before mentioned, proceeded, during 
nearly an hour, not only the ordinary winged messen- 
gers of the storm, but copious showers of rain, and an 
almost continuous violent discharge of immense hail-stones, 
many of which measured seven-tenths of an inch diameter. 
At seventeen minutes past twelve at noon, the prelude 
to the approaching electrical drama was announced in the 
usual manner, from a sudden commotion raised by a series 
of chimes, purposely connected with the in-door apparatic 
appendages. : 

If I remember correctly, I have already, in a hasty notice 
despatched to you, within some few hours after the event, 
briefly alluded to the general phenomena attendant. on this 
splendid scene; the principal features of which I am now 
anxious to communicate to you more in detail. Such, however, 
would be the imperfection of language in this instance, as on 
many other occasions, that I must solicit the favour of your 
attention tothe accompanying sketch in pencil, which rude as it is 
in point of drawing, will prove a volume of illustration compared 
with the best efforts of my pen. The sketch in question, (see 
plate vii.} represents on the right-hand, a section of the end wall 
of a building employed for the general purposes of a laboratory. 
Proceeding from this towards the left-hand, I have endeavoured 
to pourtray an idea of the local positions directly presented to 
the eye of an observer, and which occur at right angles with 
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the wall in section before mentioned. The subjoined references. 


will, I trust, now supply all the information incident to our 
purpose. 
In plate vii. a b represents a post about twelve feet in height, 


placed outside the building, four feet from the window to 
which it is directly opposed. 


cd An iron rod, three-eights of an inch in diameter, de- 
scending from the top of the post to which it is afixed, and 
penetrating one foot into the ground. 


c A brass knob providing the means of escape for super- 
abundant fluid, which it attracts from the insulated funnel e, 
and conducts down the safety-rod c d into the earth. 


f A mid-wire descending from the insulated horizontal line ; 
which line extends about three hundred and sixty-five yards 
between the two principal spires of the town. This descending 
wire brings down the fluid from the horizontal line to the 
funnel e. 


g An intermediate wire helix connecting the insulated funnels 
e and h. 


tk A strong tube of glass passing, at an angle of forty-five 
degrees, through the main post, or wooden upright of the labo- 
ratory window- frame. Within this tube is concentrically insu- 
lated a stout wire of brass, completing the connexion between 
the funnel k and a large ball /; thus forming a terminus to the 
horizontal exploring wire. 


mn A gun-barrel conductor passing horizontally outwards 
through the wooden upwright of window-frame before men- 
tioned. Into the open end m of this gun-barrel, the nght 
angled shank of the ball o is ordinarily inserted, and by this 
means the electric current proceeding from the terminus / 
(when not otherwise directed), is securely conducted by an 
iron rod x p beneath the surface of the ground, where a me- 


tallic connexion is found with a well on a distant part of the 


premises. The ball o derives both horizontal and vertical 


motion, occasionally, from an insulating handle and other he a 


pendages not necessarily included in the accompanying sk 


gr Shew the position of a broad shelf, placed eight feet 
from the ground, and extending the entire length of a wall at 
right angles with the right-hand sectional view. Upon this 
shelf are placed numerous articles of apparatus, many of which 
are wholly of metal, and others have metallic mountings. 


rv An hydraulic pump, supplying water for general pur- 
poses of the laboratory; the handle, crank and fitting-rod 
composed, as usual, of wrought iron; the spout w, with the 
pump-head from which it proceeds, and also the adjeining 
cistern being of thick milled lead. 


re 
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E An iron nail about three inches in length, used to secure 
the vertical shifting joint formed by the extremities of the 
pump-handle and crank communicating with the lifting-rod. 


y A brass ball about two and a half inches diameter, from 
which proceeds a rod terminating in an open ring at the oppo- 
site end ; this rod obtains vertical motion from a pivot connect- 
ing it with the brass pillar and foot-stand z ; the latter having free 
communication with the earth through the medium of a stout 
copper wire descending from the table upon which the stand is 
placed. 


To the extremity of the rod communicating with the ball y 
is affixed one end of a copper wire, one-sixteenth of an inch in 
thickness, and seventeen fcet, five inches in length; the other end 
of the said wire being wound in a loose coil round the iron nail 
x which, as before remarked, secures the vertical joint formed 
between the crank and handle of the water pump. The inter- 
mediate portion of copper wire forming several convolutions, 
depends at liberty, touching in various points the floor of the 
laboratory, and this floor is itself composed of materials consti- 
tuting one of the best possible conducting mediums to the 
earth. A second wire ¢ proceeds from that last described to a 
metallic disc, one foot in diameter, placed upon the shelf before 
mentioned; while a third wire s connects the iron handle of the 
pump with a brass ball and wire projecting from the summit of 
a turned pillar and foot-stand of mahogany wood. I now 
venture to pursuade myself that you wil experience no diffi- 
culty in comprehending 3 clear outline of my arrangements as 
they existed within some two or three minutes after the come 
mencement of the storm. 


The ball o having been removed from its usual position, and 
that marked y brought within striking distance of the terminus /; 
imagine a rain and hail storm of the most tremendous character, 
in full operation to the extent of several hundred yards around ; 
with a succession of lightning flashes at short intervals, and the 
reverbrating peals of somewhat distant thunder fast nearing the 
immediate scene of out operations. Conclude further, that the 
balls y and / are separated to a distance of three und a quarter 
inches, and that in the next instant a mighty torrent of dense 
sparks, 80 vivid as to dazzle the eye of the observer, attended 
by contemporaneous stunning reports, and fraught with an. 
unusual intensity, rushes from the terminus to the ball in com- 
munication with the earth. At the same identical moment a 
furious current of lateral sparks takes place between the wire 
and the leaden spout w, others are seen in like activity passing 
from the wires s and ¢ to different parts of the shelf q 7 $ t u, and 
the several articles of apparatus in their vicinity; while on the 
out-side of the building a brilliant zig-zag flash plays uninter- 


ruptedly between the insulated funnel e and the ball of the 
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safety-rod cd. But now comes to be described the most re- 
splendent feature of the scene before us; the iron nail, serving 
to connect the pump machinery, suddenly exhibits the appear- 
ance of a magnificent fire-work, the splendour of which is 
repeatedly enhanced, as waves of electric fluid rush through the 
arrangement in obedience to each successive lighting flash from 
the storm cloud ; and this sublime scene, with short intervals of 
lesser energy in the electric current, continues through the 
space of one hour and sixteen minutes. The combustion of 
the iron nail forcibly reminded me of the appearance which 
that metal exhibits when burnt in oxygen gas, or, rather, when 
brought under influence of the oxy-hydrogeu blowpipe; though 
the phenomenon was accompanied by a deep red kind of light 
which does not belong to either of these comparisons. Per- 
ceiving that the nail was at times in a state of actual combustion, 
I was induced repeatedly to hold a sheet of writing-paper 
beneath it, at a distance of some five or six inches, and from the 
subsequent application of a pocket microscope, I found the 
paper thickly strewed with minute globules of the fused metal, 
mixed with irregular particles of an oxide previously coatin 
the nail. This remarkable phenomenon, arising partly, as 
conceive, from the loose connerion between the wire coil and the 
nail, and partly from the ragged and asperous condition of the 
Wire towards its termination, would appear to be very materially 
allied to the nature of the second kind of lateral discharge, 
noticed in your Fourth Memoir; p. 174, vol. IV., “Annals of 
Electricity, Magnetism, and Chemistry.” 

While the scene first mentioned was passing in full splendour, 
I employed myself, by means of a brass ball mounted on a rod 
of the same metal, about five feet long, in drawing lateral 
sparks from every part of the copper wire in its course from the 
stand z tothe nail x; and, in like manner, from the handle and 
every part of the iron and lead work connected with the water- 
pump; strong sparks were also elicited from the metallic disc, 
and the brass wire and ball to which the respective wires s and 
t had been affixed; in short, there was no metallic body in 
contact or communication with the main wire passing across 
the laboratory, from which sparks were not copiously drawn ; 
and in many instances these sparks were followed by shocks 
which I venture to predict few inexperienced operators would 
decide on provoking a second time, if left the liberty of choice. 
An interesting and intelligent little girl about fourteen years of 
age, and who is in the habit of witnessing scenes of this 
description, while handing to me some articles of apparatus 
incident to my purpose, accidenta)ly trod upon the wire, and 
such was the severity of the lateral shock thereby incurred, 
that she was sent reeling across the laboratory. 

Notwithstanding the severity of the hail storm, I was in- 
duced, about the time of its greatest vigour, to affix a copper 
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wire to the safety-rod c d, outside the building; and this wire 
trailing upon the ground, was carried over an adjoining garden 
lo the length of eighty-seven feel, and the lateral spark was readily 
obtained from every part of it, when a brass ball, two inches 
in diameter, was suddenly presented. From the safety-rod 
c d, and the gun-barrel conductor m x, and also the iron rod 
1 p, when the ball o was returned to its usual situation, dense 
sparks in a continuous volley, notwithstanding the ground had 
had become very wet, were sent off to the ball and wire held in 
my hand ; but this latter experiment I soon felt disposed to 
relinquish in consequence of the severe shocks incurred by the 
operation. | 

To you, who have for so many years laboured in the field of 
electrical science, and that, too, with a measure of success not 
often equalled, it would be more than ordinarily superfluous to 
offer any comments on the preceding statement. I have 
aimed at nothing but the communication of facts, which I am 
bold to say have not in a solitary instance received the aid of 
factitious colouring, but that, rather, in this this respect, I have 
fallen short of actual experience. It may, perhaps, be useless 
to add that I am not only confident, but I think it is clearly 
obvious, that combustible substances might have been readily 
ignited by the lateral discharge from every part of my arrange- 
ments, had time and circumstances permitted the trial. The 
inference, I presume, must therefore be conspicuous to the 
minds of all unprejudiced lovers of scientific enquiry ; and, I 
trust, in the relation existing between principle and appliance, 
not less so to every philantrophic lover of his species. 

I am, my dear Sir, 
Sincerely yours, 
W. H. WEEKES. 

To W. Sturgeon, Esq. 


— — ee eS . — — 


On the Prevention of Damage by Lightning. In a Letter from 
Mr. B. Cook, to Mr. Nicholson.“ 


e 


My Dear Sir, 


I have read with much concern almost every week for some 
time past accounts of some damage of one kind or other done 
to buildings, trees, and cattle, or in the loss of lives by light- 
ning ; indeed every year this country suffers very much, either 
by the destruction of tress, houses, and cattle, and what is far 
more distressing, the loss of so many lives by the electric fluid. 


H From Nicholson's Journal of Philosophy and Chemistry for Angust 
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I have endeavoured to form an idea of the loss sustained on an 
average ; and I find upon a moderate calculation, it cannot be 
far short per annum of 40 to 50 thousand pounds, and the loss 
of lives from 20 to 30. It is of so serious a nature, that I 
wonder no effort has been made to remove, if not wholly, at 
least a part of the evil. Looking at it in this light, and con- 
ceiving it to be the duty of every mar to endeavour to propose 
some remedy, I have taken the liberty to hand you what follows 
for your consideration; if you think it worth your inserting in 
your valuable journal. 


Our kingdom from its high and rocky nature, from its 
bowels containing such vast masses of iron, copper, and other 
ores, all conductors of lightning, and also from its situation in 
the midst of the waves, itself becomesa conductor also; all 
these circumstances conspire to collect the electric fuid toge- 
ther around us. If it was possible to find out means to carry 
off this very destructive element without danger, the country 
would experience a great and invaluable benefit from it. The 
loss of so many lives is a very serious consideration, and ought 
to engage the studies of the philosopher and the philantropist 
to propose some remedy, if only for their sakes, and if it 18 
impossible to remove the evil wholly, at least it is possible to 
remove it partially. 


The plan I with deference propose, and I feel satisfaction in 
proposing it first to you for your consideration, because if you do 
not approve of it, it will not meet the eye of the world, for no 
man is more competent to decide upon its merits than yourself. 
The plan is to erect conductors throughout the kingdom, at 
five or six miles distant, or in some instance nearer, according 
to the nature of the ground, on the most elevated parts, so that 
whenever the clouds moved surcharged with the electric fluid, 
the conductors would carry it down, so that it would be next 
to an impossibility for a collection of electric fire to accumulate, 
so as to produce a destructive discharge. I have very little 
doubt, but that all, or nearly all of the fluid would be carried 
off by these conductors, and little or no damage, or death would 
ever be occasioned by the lightning. 


The expense of erecting conductors at different stations 
throughout the kingdom would be saved in a few years, 
the safety of men’s lives would be of more value than any expense 
that could be incurred. If every parish would agree through- 
out the kingdom to appropriate a part of the rate for the 
erection of 4, 6, or more conductors, according to the size of 
the parish, on the different parts that are most elevated, the 
expense would not be felt—indeed it would not be worth 
naming. If the different noblemen, gentlemen, &c., ot the 
different parishes were to take into consideration, first consider- 
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ing the certain security it would provide for their cattle, build- 
ings, and the lives of themselves and servants ; and secondly, 
when they estimate the very small expense these conductors 
might be erected for; I do think every parish would instantly 
be induced to adopt the plan. 


But there are several great imperfections and objections 
against the present iron conductors. 


The first is, the very short time they stand without being 
deeply corroded with rust, and when first put up the iron is so 
very irregular on the surface, that it is a great hindrance to the 
descent of the electric fluid, and caiculated in a great measure 
to cause it to fly off to any other conducting substance in its 
way or near to it; and when up for a few years, it becomes 
still worse, and so incrusted with rust, that the irregularity and 
imperfections of the conductor are increased. Another fault is, 
that the tops of the conductors are not raised high enough 
above the building they are placed to protect; the point of 
the rod is in general placed just above the chimney. The rod 
ought to rise six or eight feet above the top of the house or 
building, and to end in a single point only. If conductors are 
used, in every instance the best materials should be used to 
make them. Iron is the very worst material, and yet all con- 
ductors are made of iron; but this arises from the cheapness 
of the article. 


According to the experiments of Mr. Henly (published in Dr. 
Ree’s Cyclopedia, ade the article Conductors), to prove the 
best conductors, he found the same charge from an electric machine 
melted 4 inches of gold wire, 6 inches of brass wire, 8 inches 
of silvered copper, 10 inches of silver, and 10 inches of iron 
wire ; so that gold is the best conductor, and iron the worst. 
Brass stands next to gold in the quality of a conductor. Cavillo 
says, that copper and brass are the best conductors, and also 
that they never rust ; but to make them of copper or brass 
would be a very great expense, and then, if not drawn through 
plates, they would be very uneven on the surface, which is a 
defect in electric rods. 

I had in prospect the making of conductors on an improved 
plan, so that they would be equal to solid brass in their use, 
and come to as cheap or cheaper than wrought iron, in a 
patent I have very recently obtained for combining different 
sorts of metals, particularly brass or copper, with iron. By 
this method we can plate or cover the tubes of iron 15 or 16 
feet long, of any diameter, with a coat of brass, from one-six- 
teenth of an inch, to any thickness; and so connected with the 
iron by compression, that, when so combined, it appears a solid 
piece of brass, but being hollow, is very light and portable, 
and the method used in making them being by drawing them 
through a polished draw plate, all the surfaces are as smooth 
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and uniſorm as it is ible to make them. Being made in 
convenient lengths, 5 may be sent to any part of the king- 
dom, and put up in a very short time, as one piece screws into 
another, so that, when screwed in, both edges of the brass meet, 
and join together. Conductors of this kind would never rust, 
as what is presented to the atmosphere is brass only. They 
would be two-third lighter than iron rods, would be put up in 
avery short time, would be quite as cheap as iron, and further- 
more would be the best conductors you can possibly make. But 
as I said before that I had given the subject a good deal of 
thought, especially the probability of drawing off the electric 
matter by conductors, so as to prevent its getting to a head and 
causing by its discharge so many accidents ; when I considered 
the manner of the iron rods and their great defects, it set mea 
thinking how I could contrive a better conductor than iron, 
and I flatter myself I have succeeded. Therefore I leave it to 
every man to judge, whether what I have asserted is true, namely, 
the great damage done yearly by lightning, and also the great 
necessity of providing, if it is possible, some remedy ; and if 
conductors are the only means that promise a remedy, those 
conductors which afford the most beneficial and lasting results 
will certainly be chosen, This is, Sir, very much like recom- 
mending my own invention ; but if my rods are the best, which 
I leave to every candid man to judge ; and if society is bene- 
fitted, I see no reason why I should not be benefited also. The 
t conductors on shipboard, where any are used, are I 

lieve constructed of chains which are the worst of all con- 
ductors, as the lightning has to run down the most irregular of 
surfaces, besides their being so clumsy. But my brass rod 
might be so attached to the mainmast, and the collecting point 
raised above the top, and where the joints of the mast are, 
there might be a round universal joint, that would bend in 
every direction with the mast. The rod might be carried down 
thus into the sea, and the expense of them would beso trifling, 
that one would hardly think any vessel would be without one, 
ially when it is considered they would be made of metal 
owed by all who have written on electricity to be the best con- 


ductor of lightning. 
I am, dear Sir, 


B. COOK. 


Annotation. 


The subject of conductors for lightning being still obscure, 
I have with pleasure inserted Mr. Cook 's communication 
without considering, as at all needful, that an acquiescence in 
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its contents should be implied throughout on my pert. Being 
founded on the generally admitted doctrine, it is many respects 
entitled to consideration, and, like all other ingenious researches, 
is calculated to excite investigation. On the present occasion I 
would remark, that the course, disposition, and striking places 
of thunder-clouds appear to be governed in a very great measure 
by certain conducting parts lying along or within the earth, 
either as ridges or internal masses, and that a stroke from a 
stratum of clouds many miles in length, seems to be determined, 
by an action which extends far beyond the influence of any 
metallic rod, even supposing this last to be inserted into the 
conducting mass itself: that the whole process of atmospheric 
evaporation and condensation appear to be accompanied with 
electric phenomena upon a very extended scale, but most 
strikingly manifest when the changes are rapid ; this last being 
the only difference between thunder storms and common squalls 
or showers; and that it does not seem probable that our rods 
can essentially modify the course of these effects. Other more 
remote considerations would offer, if they could; such as the 
possibility of an interruption of the ordinary course and fre- 
quency of showers, which Darwin thought within the reach of 
human power, snd the greater probability that the atmospheric 
electricity of a whole country would soon destroy any series of 
conductors ; but the affair of the poor-house at Heckingham,* 
in Norkfolk, which, about thirty years ago, was struck and set 
on fire by lightning without touching any of the eight elevated 
metallic conductors attached to the building, has been consi- 
dered as a proof of the very limited influence of these rods, 
and that their power of protecting a single edifice requires the 
condition, that all the conductors should be connected together, 
and with the metallic parts of the house. 
W. NICHOLSON. 


On the Prevention of Damage by Lightning. Ina Second 
Letter from Mr. Benyamin Coox, to Mr. Nicholson. 


Dear Stu, 


In a former paper which you inserted in your valuable journal, 
on the advantage and security that I supposed the nation would 
enjoy, if electric rods were placed at certain distances on the most 
elevated parts of the country, or if attached to the highest 
buildings at different places, so that the electric fluid might be 


ee Phiio's Translation of that time. 
From Nicholson 2. Journal of Natural Philosophy and Chemistry for 


+ 
February 1812. 
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carried off by the rods, as the clouds charged with the fluid passed 
over them; by your remark at the close of that paper, it did not 
seem to strike you, as promising that advantage and security it did 
me, and you named an instance where the rods had failed ; but if 
one instance or twe have happened where the electric rods do not 
appear to have had any influence on the electric fluid so as to 
carry it off without injuring the buildings, this is no proof of their 
inutility. We ought, before we pass judgment upon them, to 
have known the state of the rods, and their clevation. It is very 
probable that these rods had been up for many years, and nearly 
destroyed by rust; and perhaps in some parts the nature of the 
iron might have been completely changed or destroyed, and 
nothing left but rust; nay in some places, even the rods might 
have been divided, or nearly so, by the rust; so that a weak dis- 
charge of electric fire would easily melt what was left; or they 
might have been carried in such directions across, or down the 
sides of the building, as to pass by substances possessing greater 
power to carry off the fluid, than such rusty decayed conductors; 
and thus the lightning might have been by their means conducted 
so as to cause the very ruin they were intended to prevent. 
Besides, the points of the conductors might have been placed very 
low, so that clouds overcharged with the electric fluid might have 

d so near the buildings, that every part that was a conductor 
drew down the fire as soon as the rods, which had lost a part of 
their power by rust. I say all this might have been the case, and 
we therefore ought not so say, that electric rods have been found 
ineffectual to ward off destruction. 

I am desirous this subject should be fairly investigated, indeed 
it is a national concern, and 1 do wish some able person would 
take up the subject; and if any of your correspondents could 
produce any one instance where the rods, having been found in 
proper order and position have failed, it would in a great measure 
prove their inutility. On the other hand, if any one instance 
could be brought forward, where they have proved beyond a doubt 
the protectors of a building that without them would have suffered, 
some basis might be laid down to form a just idea upon. This is 
certain that we have each year to record great losses, both in 
property and lives, by the electric fluid; and if some plan could 

e devised to remedy, if but in part, the evil ienced and 
complained of, great advantage and safety would be procured to 
society. My opinion is that electric rods are sure and certain 
preservatives to every house where they are properly attached, if of 
the proper kind; and if a house can be secured, why not by the 
same means a whole parish, by a proper number of conductors? 

But conductors are of little or no use made in the way they 
commonly are, of a piece of iron wire one quarter of an inch in 
diameter, or perhaps less; for in many instances I have examined 
they have not been so thick, some merely a strong wire. These 
in a year or two are nearly or quite corroded through with rust; 
and they are attached in a careless way, with a number of ranty 
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points at top, directed to every point of the compass, and rising 
just above the chimney. It appears that if a rod is placed 
against a house or building, no matter how, the buiding is sup- 
posed to be safe; and if this house or building is injured by 
lightning, it is the rod that was to have protected it, that is 
declared inefficacious. These rods are gencrally put up by 
some carpenter, or builder, who knows nothing of the nature 
or properties of the fluid he is guarding against, and therefore 
brings the rod down any way that is most convenient, without 
considering whether it passes near or even touches any con- 
ducting substance in the building; in which case the rod, 
instead of protecting, is calculated to bring on the building the 
mischief it was intended to prevent. 


Electric rods should be three quarters of an inch in diameter, 
according to my opinion ; should not touch the building in any 
part by three inches; and all their fastenings to it should be by 
non-conductors. They should end ina single point of brass 
and this point be elevated six feet at least, but ten feet if pos- 
sible, above the highest chimney of the house. If the rod is 
not brass, or a tube of brass, a strong brass wire ought to be 
wound round it, connected with the point, and passing once 
round the rod in the space of twelve or eighteen inches, suffi- 
cint to keep the brass wire close to the iron, all down to the 
earth. I have no doubt upon my mind, from all the observa- 
tions I have made, that electric rods of this nature will never 
fail to give perfect safety. Even on board vessels an iron chain, 
the worst of all conductors that can be called a conductor, has 
been known to preserve the vessel and crew. As a proof I 
will quote a passage from Captain Cook’s Journal ef his Second 
Voyage Round the World. 

“April 25th, 1774. 


“ OTAHEITE.—This day we had a very violent tempest. We 
were obliged to get our electrical chain up to the topgallantmast 
head, to secure the masts. Removed all the iron off the decks, 
and secured down all the hatches. As the seaman who carried 
the chain up, was coming down he got foul of the chain, and 
it lightning at the same time, he received a slight blow on the 
leg, which, though it did him no harm, shook every bone 
within him.” 

Captain Cook had seen an instance of the great utility of the 
electrical chain in his former voyage, while at Batavia, which, 
being of a singular nature, I shall relate in his own words, or 
as they are given by Dr. Hawkesworth. 

About nine o'clock we had a dreadful storm of thunder, 
lightning, and rain, October 10th, 1770, during which the 
mainmast of one of the Dutch East Indiamen was split, and 
carried away by the deck. The main topmast and topgallante 
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mast were shivered all to pieces ; she had an iron spindle at the 
main topgallantmast head, which probably directed the stroke. 
This ship lay not more than the distance of two cables length 
from ours, and in all probability we should have shared the 
same fate, but for the electrical chain, which we had but just 
got up, and which conducted the lightning over the side of the 
ship. But though we escaped the lightning, the explosion shook 
us like an earthquake, the chain at the same time appearing 
like a line of fire: a centinel was in the act of charging his 
piece, and the shock forced the musket out of his hand, and 
broke the ramrod. Upon this occasion I cannot hut earnestly 
recommend chains of the same kind to every ship, whatever be 
her destination ; and I hope that the fate of the Dutchman will 


be a warning to all who shall read this narrative, against having 
a spindle at the mast-head.” 


Thus, even chains have been found protectors, and if proper 
conductors were attached to the main topgallantmast, running 
all down it with a joint at the place where the mast is jointed, 
it would always be in its place; and I again say, I am pretty 
confident, that vessels would be secured from the injury they 
but too often sustain from lightning, as well as houses. The 
rod would not be in the way of any of the rigging, and there- 
fore I should think it would be a duty the masters of vessels 
owe to their sailors, as well as to the owners of the property 
they have on board, to be always provided against danger. 


I am, dear Sir, 
Your obedient Servant, 


E B. COOK. 
Birmingham, Caroline-street, Dec. 27th, 1811. 


Extract from the London Journal of Arts and Sciences. Vol. 
v. p. 253. Published in 1823. 


To the Editor of the London Journal of Aris, &c. 
Sir, 


I have read in your very interesting Journal of Arts and 
Sciences, several accounts of a new method of conducting the 
electric fluid clear of ships, by a Mr. W. Harris, and that his 
method has lately been exemplified on the Louisa and Caledon's 
men-of-war at Plymouth, and also on a vessel in the Thames 
His method “is by means of a copper conductor fixed in 
the masts through the bottom of the ships,” and to be continued 
until the copper comes in contact with water. 
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It gives me great satisfaction to see, that most excellent 
method from damage from the electric fluid, is likely to be 
adopted in the navy, as I am confident it will derive immense 
advantage from the use of electric rods, by the perfect security 
they will give to all vessels protected by them. 

have no doubt but Mr. Harris supposes that he is the first 
inventor, for I cannot for a moment suppose that had he read 
my papers in Nicholson’s Journal of Natural Philosophy and 
Chemistry, vol. 29, p. 305, and vol. 31, p. 108, but that he 
would have acknowledged that the idea of attaching copper or 
metal to vessels, to protect them from lightning, belongs to me. 
Situated as I am in the centre of the kingdom, I had no means 
of getting them adopted ; I can only give the idea to the world, 
hoping that some persons in the navy might read it, who had 
influence, or felt it their interest to adopt them. I beg to refer 
vou to my papers, to show what were my ideas respecting 
electric rods, for houses as well as ships, and would wish parti- 
cularly to call the attention of your readers to my papers on 
this subject, nor do I think they would be uninteresting to a 
very numerous class of your readers, if you were to republish 
some extracts from them, especially as we of late have wit- 
nessed so many accidents trom lightning, which might have 
been prevented, had my method of attaching electric rods to 
buildings, &c., been adopted. 
| I am, Sir, 
Your obedient servant, 

B. COOK. 

Birmingham, April 8th, 1823. 


On a uew Phenomenon of Electro-Magnetism. By Six H. 
Davy, Bart., Prec. R. S. 


Received March 6, 1823. 


On a subject so obscure as electro-magnetism, and connected 
by analogies more or less distant with the doctrines of heat, 
light, electricity, and chemical] attraction, it is not difficult to 
frame hypotheses: but the science is in a state too near its 
infancy to expect the development of any satisfactory theory ; 
and its progress can only be ensured by new facts and experi- 
ments, which may prepare the way for extensive and general 
reasonings upon its principles. Influenced by this opinion, I 
am induced to lay before the Society an account of an electro~ 
magnetic phenomenon I observed about fifteen months ago in 
the laboratory of the Royal Institution, and which I have lately 
had an occasion of witnessing in a more perfect manner, through 
the kindness of Mr. Perrys, by the use of a large battery, con- 
structed under hig directions for the London Institution, and 
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containing a pair of plates of about two hundred square feet. 
In describing this phenomenon, I shall not enter into very 
minute details, because the experiments, which led to the disco- 
very of it, are very simple, and, though more distinct witha 
large apparatus, yet it may be observed by the use of a pair of 
plates containing from ten to fifteen square feet. 

Immediately after Mr. Fareday had published his ingenious 
experiment on electro-magnetic rotation, I was induced to try 
the action of a magnet on mercury connected in the electrical 
circuit, hoping that in this case, as there was no mechanical 
suspension of the conductor, the appcarances would be exhibited 
in their most simple form; and I found that when two wires 
were placed in a basin of mercury, perpendicular to the surface, 
and in the voltaic circuit of a battery of large plates, and the 
pole of a powerful magnet held either above or below the wires, 
the mercury immediately began to revolve round the wire as 
an axis, according to the common circumstance of electro-mag- 
netic rotation, and with a velocity exceedingly increased when 
the opposite poles of two magnets were used; one above, the 
other below. 

Masses of mercury of several inches diameter were set in mo- 
tion, and made to revolve in this manner, whenever the pole of 
the magnet was held near the perpendicular of the wire; but 
when the pole was held above the mercury, between the two 
wires, the circular motion ceased, and currents took place in 
the mercury in opposite directions; one to the right, and the 
other to the left, of the magnet. These circumstances, and 
various others which it would be tedious to detail, induced me 
to believe that the passage of the electricity through the mercury 
produced motions independent of the action of the magnet ; and 
that the appearances which I have described were owing to a 
composition of forces. 

I endeavoured to ascertain the existence of these motions in 
the mercury, by covering its surface with weak acids; and dif- 
fusing over it fincly divided matter, such as the seeds of lyco- 
podium, white oxide of mercury, &c., but without any distinct 
result. It then occurred to me, that from the position of the 
wires, currents, it they existed, must occur chiefly in 
lower, and not in the upper surface of the mercury; 
consequently inverted the form of the experiment. I had two 
copper wires, of about one-sixth of an inch diameter, the extre- 
mities of which were flat and carefully polished, passed through 
two holes three inches apart in the bottom of a glass basin, an 
perpendicular to it; they were cemented into the basin, and 
made non-conductors by sealing wax, except at their poli 
ends; the basin was then filled with mercury, which stood about 
a tenth or a twelfth of an inch above the wires. The wires were 
now placed in a powerful voltaic circuit. The moment the con- 
tacts were made, the phenomenon, which is the principal object of 
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this paper, occurred. The mercury was immediately seen in 
violent agitation ; its surface became elevated into a small cone 
above each of the wires; waves flowed off in every direction from 
these cones ; and the only point of rest was apparently where they 
met in the centre of the mercury between the wires. On holding 
the pole of a powerful bar magnet at a considerable distance 
(some inches) above one of the cones, its apex was diminished 
and its base extended; by lowering the pole further, these 
effects were still fukar inereasel, 9 the undulations were 
feebler. At a small distance the surface of the eee 
became plane ; and rotation slowly began round the wire. 
As the magnet approached, the rotation became more rapid, 
and when it was about half an inch above the mercury a 
great depression of it was observed above the wire, and a 
vortex which reached almost to the surface of the wire. 


In the first experiments which I made, the conical elevations 
or fountains of mercury were about the tenth or twelfth of an 
inch high, and the voriices apparently as low; but in the 
experiments made at the London Institution, the mercury being 
much higher above the wire, the elevations and depressions 
were euch more cons: Nee amounting to the 5th or sixth of 
an inch. Of course the rotation took piace with either pole of 
the magnet, or either wire, or both together, according to the 
well known circumstances which determine these 1 A 


To ascertain whether the communication of heat diminishing 
the specific gravity of the mercury, had any share in these phe- 
nomena, I placed a delicate therinometer above the wires in the 
mercury, but there was no immediate elevation of temperature; 
the heat of the mercury graduaiiy increased, as did that of the 
wires; but this increase was similar in every part of the circuit 
I proved the thing more distinctly by m: aking the whole appa- 
ratus a thermometer, terminating with a fine tube filled with 
mercury. At the first instant that the mercury became electro- 
maynetic, there was no increase of its volume. 


This phenomenon cannot be attributed to common electrical 
repulsion, for in the electro-magnetic circuit, similarly electri- 
fied conductors do not repel, but attract each other: and it isin 
the case in which conductors in the opposite, states are brought 
near each other on surfaces of mercury, that repuision takes 


place. 


Nor can the effect be referred to that kind of action which 
occurs where electricity passes from good into bad conductors, 
as in the phenomena of points electrified in air, as the following 
facts seem to prove :—Stecl wires were substituted for copper 
wires, and the appearances were the same in kind, and only less 
in degree; without doubt, in consequence of a smaller quantity 
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of electricity passing through the steel wires. and by comparing 
the conducting powers of equal cylinders of mercury and steel 
in glass tubes, by ascertaining the quantity of iron filings they 
attracted, it was found that the conducting powers of mercury 
were higher than those of steel: the first metal taking up fifty- 
eight grains of iron filings, and the second only thirty-seven. 


Again: fused tin was substituted for mercury, in a porcelain 
vessel, into which wires of copper and steel were alternately 
ground and fixed ; the elevations were produced as in the mer- 
cury, and the phenomena of rotation by the magnet; and it 
was found by direct experiment, that the conducting power of 
the tin, at, and just before its point of fusion, did not percepti- 
bly differ: and that they were much higher than those of 
mercury. Lastly, the communication was made from the bat- 
tery by two tubes, having nearly the same diameter as the 
wires, filled with mercury, so that the electricity for some inches 
before it entered the basin, passed through mercury, and still 
the appearances continued the same. 


From the rapidity of the undulations round the points of the 
cones, I thought they would put in motion any light bodies 
placed above the mercury, but { could not produce the slightest 
motion on a very light steel, hung on an axle; and when fine 
powders of any kind were strewed upon the surface, they merely 
underwent undulations, without any other change of place ; and 
fine iron filings strewed on the top of the cone, arranged them- 
selves in right lines, at right angles to the line joining the wires, 
and remained stationary, even on the centre of the cone. The 
effect, therefore, is of a novel kind, and in one respect seems 
analogous to those of the tides, It would appear as if the 
passage of the electricity diminished the action of gravity on 
the mercury ; and that there is no change of volume of the 
whole mass of the mercury appears from the experiment, de- 
scribed in the preceding page, and this was shewn likewise by en- 
closing the apparatusin a kind of manometer, terminating in a fine 
tube containing air enclosed by oil; and which by its expansion 
or contraction, would have shown the slightest change of volume 
in the mercury: none however took place when the contacts were 
allernately made and broken, unless the circuit was interrupted 
for a sufficient time to communicate sensible beat to the mercury. 


This phenomenon, in which the same effects are produced 
at the two opposite poles, seem strongly opposed to the idea of 
the electro-magnetic results being produced by the transition 
currents or motions of a single imponderable fluid. 


On the conjectural part of the subject I shall not however 
enter, for the reasons stated in the beginning of this paper; but 
I cannot with propriety conclude, without mentioning a cir- 
cumstance in the history of the progress of electro-magnetism, 
which, though well known to many Fellows o this Society, 


On the Thermo-Electricity of Quicksliver. 463 
has, I believe, never been made public; namely, that we 
owe to the sagacity of Dr. Wollaston, the first idea of the 
possibility of the rotations of the electro-magnetic wire round 
its axis by the approach of a magnet; and I witnessed, early in 
1821, an unsuccessful experiment which he made to produce 
the effect in the laboratory of the Royal Institution. 


On the Thermo- Electricit of Quicksilver. By 
P. O. C. VonsskLMAN, of Heer.“ 


According to the L’Institute for December 1837, p. 388, 
which I have received to day, it appears the M. Matteucci, has 
communicated to the Academy of Paris, the following inference. 


“If, in place of bringing into immediate connection the two 
wires of the same metal united to the two extremities of a gal- 
vanometer aud heated unequally, we were to plunge them into 
mercury ; or what is better, if we were to keep them in con- 
nection with that metal, or any other metallic connecting 
medium, contained in two capsules, united by a syphon, one of 
which is hot, and the other cold, the anomalies, which are pre- 
sented by iron in thermo- electrical phenomena, will not be ob- 
served. Copper, platinum, and iron then give out currents, which 
always travel in the same direction, that is tosay, from the cold 
to the hot part of the wire by which they are connected. It is 
to some cause of oxidation, on the surface then, to which the 
anomaly in question is due. It appears to me that mercury is 
by this means deprived of the property of developing thermo- 
electric currents.” 


Similar experiments were first instituted by M. Nobil.t He 
took simiiar wires of the same kind of metal, and attached one 
end of each to a good galvanometer. The farther extremity of 
one of these wires was rolled into a small knob in order that it 
might receive a greater quantity of heat from a spirit lamp ; and, 
when heated, was brought into contact with the unattached 
end of the wire. Immediately, a momentary electric stream 
traversed the circuit. { The current usually traversed the 
heated wire from the point of union to the cold end, and through 
the galvanometer, from the cold tothe warm end. By employ- 
ing iron, zinc, and antimony the opposite results were found. 


© Poggendorf{s Annalen der Physik and Chemie. Band. XXXXIX 
S. 1. p. 114. | 

+ Annalen der Physik and Chemic. Band XXXXIV. S. 629, and Bde 
XXXXVII. S. 600. ; 

ł Bibl. Univers, 1828, T. XXXVII. p. 118. 
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These are the anomalies observed by M. Nibili, and confirmed 
by Becquerel, which now, by Matteucci, is given out as a 
general rule for all metals. 


What is it that Matteucci has done? He has stated that be 
brought a heated and a cold wire into imperfect contact, and 
made the connexion through quicksilver, indeed through quick- 
silver in two different vessels which were united by a syphon. 
He thus brings into the circuit another heterogencous metal: 
and it is therefore very obvious that his results can be no other- 
wise explained than by the thermo-electric action of the quick- 
silver: although he brings these results forward in contradic- 
tion to those which have, long ago, been discovered by Scebeck. 


In the following experiments, which may be repeated at 
pleasure, I availed myself of a very delicate galvanometer, which 
belongs to Mr. Kerhover, and was made by our skilful mechanic, 
Becker. The metallic wires were from one to one and a half 
milimeters thick, and from one to two decimeters long: and 
for these experiments were carefully cleaned: and those exe 
tremities which were connectcd with the galvanometer, were 
kept, as much as possible, at the temperature of the room. 
The experiments were often repeated, and varied with dif- 
ferent wires :— : 


Ist. I obtained two copper-wires, and rolled one end of one 
of them into a knob or compact coil. I then heated this end 
in the flame of a spirit-lamp, or by other means. On com- 
pleting the contact between this and the other wire, the defec- 
tion became 110°. and the current flowed from the heated 
point of contact to the cold end of that wire. 


2nd. By employing platinum, the current also flows from the 
warm to the cold end; but with zinc and with iron it flows 
from the cold to the warm end. Bismuth, and Antimony, gave 
various results; of which more will be said. 


3d. With silver I constantly found a current from the cold to 
the warm end. This metal, therefore, must be placed in the 
same class as that in which zine and iron stand. I obtained 
these results as well by the ordinary silver wire, as with wire 
of purificd silver, which had been purposely prepared for these 
experiments. 


4th. Instead of making the connexion directly, by means of 
bringing the wires into immediate contact with each other, I 
now made the connexion by means of a drop of quicksilver in 
a small cup, or basin. To illustrate the results, I will call one 
of the wires a, and the other b, it being understood, that one 
end of each is already joined to the galvanometer, and the 
other ends of these wires were occasionally made to touch 
quickcksilver. One of the wires was first connected with 
quickicksilver; the end of the other was then heated, and 
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afterwards made to touch the mercury also. In this case, when 
the drop of quicksilver was not too large, the results were 
similar to those in experiments 1, 2, and 3. 


6th. When I heated the quicksilver, and then touched it 
first with a, and then with 6, or first with b, and then with a 
I obtained very anomalous results, which prevented me from 
arriving at any thing decisive by this particular set of 
experiments. 


Gth. I now employed a flat bar of wood, in which a channel 
was made, one dezimeter long, and two millimeters broad, 
which I filled with quicksilver. By this means 1 obtained 
a quicksilver wire, whose ends could be connected with the 
ends of any pair of homogeneous wires. By connecting one 
wire a, ofa pair of the same metal, and then heating the other 
wire b, and immediately afterwards bringing it into contact with 
the other extremity of the line of quicksilver, I obtained a 
powerful current through the quicksilver, frum a to b: or 
from the cold to the warm wire: and so on, from the warmed 
point to the cold one of it, which was in comexion with the 
galvanometer. This was the case, whether the pair of wires 
were of platinum, copper, zinc, silver, iron, or antimony. 


7th. The same results were obtained when either of the 
extremities of the quicksilver was warmed, by touching it . 
a glowing hot necdie, or stout wire. 


Sth. When, instead of a pair of wires, I took two small bars 
of bismuth, and proceeded as above, by first connecting oneof 
the bars with one end of the quicksilver, and after heating the 
other bar, by bringing it into contact with the other end of the 
quicksilver, I ébeaned similar results to those described by M. 
Matteucci. There was a strong current through the quicksilver 
‘from the hot to the cold bar: and consequently through the 
heated point, from the bismuth to the quicksilver. Should 
Matteucci now adinit these facts, he might also say that, the 
thermo-electric stream proceeds from the cold to the warm end, 
with all the metals, with the exception of bismuth, in which it 
takes the opposite direction. ‘There would be then nothing 
more done than that of transferring the anomaly from the tron 
to the bismuth. But it appears to me to admit of no doubt, 
that these appearances only indicate the thermo-electric proper- 
ties of quicksilver, which is less negative than bismuth, but 
more negative than the other metals: so that we have this 
arrangement—bismuth, quicksilver, platinum, copper, zinc, 
silver, iron, antimony. 


9th. The correctness of this inference still more distinctly 
appears, by employing two distinct kinds of metal ; for instance, 
copper and platinum. When the end of the platinum wire is 
heated and then made to touch one end of the strip of quick- 
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silver, the copper-wire being previously in connection with the 
other end of that strip, the current flowed through the heated 
point, from the quicksilver to the platinum: but if we regard 
the quicksilver to be indifferent, as Matteucci has done, we 
would say that the current ran through the heated point, from 
the copper to the platinum, in contradiction to the experience 
ot all philosophers. In this case the current is due to the 
thermo-electric element formed by quicksilver and platinum: 
and arises from the same cause as those already described in 
experiments 6 and 7. 


If, by the rest which Matteucci says, he means that, with 
all other metallic alloys” the same results are developed, he 
probably alludes to the attribute of bismuth ; which, according 
to the experiments of Seebeck, is strongly negative,* and con- 
sequently must thus operate like quicksilver. 


10th. I said that a bar of bismuth and of antimony, show 
anomalous effects. At first I had much trouble to explain the 
contradictions of my results with those of Nobili and other ex- 
perimenters: though eventually, I believe, after many experi- 
ments, I have been enabled to find out the cause. 


If we employ two small bars, both of bismuth, or of antimony, 
and after warming the one bring it into contact with the other, 
immediately an electric current is produced: whose direction 
depends upon the difference of temperature. If this difference 
continues within certain limits, the current, with the bismuth, 
proceeds from the coid to the warm end; but with the antimony, 
from the warm to the cold end. But as soon as the har becomes 
stronger heated, the direction of the current reverses, and pro- 
ceeds by the opposite route. I have very frequently observed 
this reversing of the current, whilst experimenting with anti- 
mony. By a strong heat I obtained first a current from the 
cold to the heated bar, as was shown by Nobili’s experiments ; 
I then broke the contact of the two bars to cool the heated one 
a littie in the air, and then again united then. The needle im- 
mediately turned round in the opposite direction, indicating a 
current in the opposite direction to the former. I presume that 
Nobili had also employed a high temperature in his experiments. 


We find also by the employment of one and the same metal, 
what, a long time ago, was discovered by Becquerel in experi- 
menting with a circuit of two metals such as copper and iron, 
silver and zinc; and also what takes place by another circuit of 
silver and iron, viz., a reversal of the current when the differ- 
ence of temperature of the two bars becomes greater than a 
certain limit. We must also take care that the small bars have 
a clean metallic surface, otherwise we obtain many anomalous 
results, which, probably, are due to oxydation. I hope still to 


* Poggendorff's Annalen der Physik and Chemie. 1826. 
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arrange some further experiments on this topic. But it is also 
open for the enquiries and considerations of other philosophers, 
from which I expect that some light will be thrown on the 
subject. 


At this time my object was only to clear up the thermo-elec- 
tric property of quicksilver to M. Matteucci, and to show the 
existence of the anomalies ; which, perhaps, may soon become 
known as a necessary consequence of an universal law. 


Something further on the Thermo-Electricity of Quicksilver. 
By P. O. C. VonssELMAN, of Heer.“ 


Since the publication of my experiments, in April, 1838, 
(described in the preceding paper) I have found a very exten- 
sive notice of Matteucci’s experiments, in the Bibl. Univers, for 
Nov. 1837, p. 211; which places me under the obligation of 
once more returning to the subject. 


Matteucci places great importance upon the following expe- 
riment. If we heat a small portion of quicksilver in a cup, and 
bring into contact with it, first one a, and then the other b, of 
two copper wires, a b, already in connexion with the galvano- 
meter; the contact thus produced, proceeds from 6 to a, or 
from the wire last, tothe wire first immersed; and therefore, 
says Matteucci, from the cold to the warm copper- wire. 


I had in my experiments, § 5, observed this diviation, and con- 
sidered it as an anomalous effect. On further consideration, I 
by degrecs, found a new proof of the position which Matteucci 
denies. In the present case, what happens in the experiment? 
The copper wire a, is immersed in the heated quicksilver, and 
accordingly, positive electricity goes from the quicksilver to the 
copper ; and now, as soon as the circuit becomes cumpleted by 
the introduction of the other wire b, a current must proceed 
from the quicksilver to the wire a; and although it appears to 
go from the cold to the warm copper, it in reality sets out at 
the heated point, from the quicksilver to the copper. The cur- 
rent is only a momentary one, for the temperature of the ends 
of the two wires soon become equal, and consequently annihilates 
the current. 


If we make the experiment in precisely the same manner 
with two small bars of bismuth, then the current proceeds in 


From Poggendorff's Annalen der Physik and Chemie. B. XX XXIX. S. 119. 
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the opposite direction, or from the first to the last introduced bars, 
or from the quicksilver to the bismuth through the point of 
heat. 

The accuracy of this explanation will be rendered undeniable 
by the following experiment. Whilst the wire a was immersed 
in the heated quicksilver, I touched it with the other wire, b, 
without permitting the latter to come into contact with the 
mercury. The current, in this case, proceeded through the 
point of contact, from a to b, or from the warm to the cold cop- 
per. In this case Mattcucci’s pre-supposed cause d’oxidation 
on the surface, is completely avoided. 

In the before- mentioned notice, I see that M. Matteucci has 
attempted to obtain thermo-electric currents by connections with 
cold and warm quicksilver, independently of any other metal, 
but without success. He appears not to have trusted much to 
the accuracy of his galvanometer, for he says “ although the 
wire of the galvanometer was, perhaps, a little long, I doubt, 
however, that on the surface of the mercury there was a deve- 
lopment of any thermo-electric currents.” 


It appears, that in Matteucci’s experiment, the wire of his 
galvnnometer was too long, and the needle not sufficiently sen- 
sible. By the excellent i strument, for the use of which I am 
incebted to Mr. Kerkhover, I cin casily and distinctly observe 
these thermo-electric currents. In addition to that instrument, 
I have availed myself of the following arrangement: 

In a board I have a channel made, of about from 1 to 2 deci- 
metres long, and in the middle of the channel is a round well 
of about two inches diameter, which can be closed on the under 
side by an iron or a glass plate; under this I place a lamp, for 
the purpose of boiling the quicksilver with which the channel 
and well are filled, and a wire from each extremity of the chan- 
nel of quicksilver proceeds to the galvanometer. By a small 
slip of wood or paper, or by other means, I can agitate the 
mercury in the well so as to move it towards one or other of the 
wires. When the mercury in the well was heated, and then by 
taking hold of the partition wail, the cold quicksilver was brought 
into contact with the heated, I immediately perceived a current, 
which proceeded through the point of contact from the warm to 
the cold metal. The deflection, however, is not great, perhaps 
not more than 6° or 10°, but its presence is unquestionable. In 
this case the disturbing influence of all foreign bodies is avoided. 
The quicksilver possesses no lack of power in combination 
with other metals, in exciting thermo-electric cufrents ; and can 
also alone, as well as other metals, become electric by an inequ 
lity of temperature. 

When the quicksilver, as one of the metals, is in series with 
platina, or copper, the current procceds through the point of 
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junction, from the warm to the cold metal; whilst on the other 
hand, with iron, zinc, silver, it takes the opposite direction, or 
from the cold to the warm metal. 1 have, however, also seen 
that the direction of the current is changeable, with a change of 
temperature; at least this is the case with some of the metals. 
This anomaly has not existed in the cases now mentioned. I 
should like to inquire, in this place, why should one direction 
more than another be obliged to be viewed as normal or ano- 
maly? I believe that all these varieties would become much 
easier explained by referring them to one general cause. When 
we have once determined with sufficient accuracy at what 
temperature the current changes its direction, whether in a 
circuit of one metal or of two metals, we shall have accom- 
plished a great step in the knowledge of this still mysterious 
power. 


ee ete 


Specification of a Patent granted to Goupswortuy Gurney, 
of the county of Cornwall, and Freperick RixoN, of the 
county of Middlesex, for their invention of improvements in 
the apparatus for producing and distributing hght.—{Sealed 
Sih June, 1839. ]* e 


This invention in the improvements in the apparatus for, 
producing and distributing light, is applicable to lamps or 
burners, wherein oil or oleaginous matters, in a liquid state, are 
the materials consumed for producing the illumination; and 
our improvements also apply to various kinds of lamps, burners, 
or lights, wherein the inflammable gas or vapour obtained by 
the distillation of coal, oil, resin, asphaltum, or other betumi- 
nous, resinous, or oleaginous matters is used, as the material 
for illumination; such gases or vapours being previously ob- 
tained, and then conveyed tothe lamps or burners by pipes from 
a reservoir or gasometer ; and consist, in the first place, in im- 
proved arrangements and constructions of conducting pipes or 
tubes and cocks, and jets or burners, whereby we are enabled 
te introduce into the interior of the flame of such lamps or 
burners, a stream or jet of pure oxygen gas. The atmosphere 
or atmospheric air being carefully excluded therefrom, that is, 
from passing through the burner, or into the interior of the 
flame. This jet or stream of pure oxygen is applied or given 
to the purpose of producing a more intense ignition of the car- 
bonaceous matters, and consequently a more brilliant light than 
can be obtained where atmospheric air alone, or a mixture of 
atmospheric air and inflammable gases, are used to cause com- 
bustion. 


© In order that our enquirers about the Bude light may have the best pos. 
sible information, we have given the particulars as they appear in the spe. 
cification,—EpiT, 
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It may be proper here to remark, that we are perfectly well 
aware that mixtures of air and indammable gases have been 
applied to flame for the increased production of heat, and in 
certain.cases to produce light, (in a peculiar description of lamp) 
which lamps burn the vapour or gas arising from the liquids 
contained within themselves; we therefore wish it to be dis- 
tinctly understood, that our improvements have nothing what- 
ever to do with such mixtures of atmospheric air and inflam- 
mable gases. 


And we are also aware, that pure oxygen has been applied 
to hydrogen gas for the purpose of producing intense heat for 
blow-pipe purposes, and on lime for producing light ; we there- 
fore desire it to be understood, that our invention only applies 
to administering to the flames of oil or gas lamps, or burners, 
a jet or stream of pure oxygen, which, of itself, is not inflam- 
mable; but, when applied to the flame in the manner hereinaf- 
ter described, and at the proper place, will produce intense or 
bright and clear light, which is caused by tlie oxygen or sup- 
porter coming into contact with the combustible bodies or 
inflammable gases, at the point of ignition. Therefore, as regards 
our invention, this jet or stream of pure oxygen may be called 
the source or cause of the extra light given out; and we have, 
therefore, in contra-distinction to all other lights, called this 
“ The Olio-oxygen, or Bude Light.” 


And secondly, our improvements consist in the application 
and use of peculiar and novel constructions and arrangements 
of apparatus, whereby flashing or intermitting lights may be 
caused, or produced, and used as signals for locomotive steam- 
engines or carriages, and steam or other vessels, or in other 
situations where they may be required ; such intermitting or 
flashang lights being caused or brought into operation by the 

e of streams or bubbles of pure oxygen through flame, 
when brought in connection therewith, or of inflammable gases 
when burnt alone without the jet or stream of pure oxygen, 
such bubbles ot inflammable gases being ignited by a small 
stationary and continuous light; the bubbles of gases being 
produced by their passing through an inverted syphon, con- 
taining liquid, acting as an hydraulic valve. Or the same effect 
may be caused by the actuating power of machinery or an en- 
gine, and may therefore be made capable of indicating the speed 
which at a locomotive engine or steam vessel is travelling, by 
the rapidity with which the flashes are repeated. 


This effect may be produced by any proper arrangements of 
of mechanism depending on the revolution of the wheels, or the 
strokes of the engines, or other moving parts of the machinery ; 
or in the former case by increasing or diminishing the column 
of liquid in the inverted syphon, and thus causing a greater of 
less resistance to the passage of the gas, The same effect may 
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also be produced by altering the capacity of the gas and water 
tubes, and thereby causing a quicker or slower pulsation of the 
light. . 

The construction of the lamp requires two supply pipes—one 
of which may lead from the street main, or supply gas pipe, 
gasometer, or oil or gas reservoir, or other source, as the case 
may be, and the other is the pipe through which the pure 
oxygen or non-inflammabie gas is to pass, or be conducted to 
the jet or burner ; this pipe may lead from any suitable appara- 
tus for obtaining the pure oxygen, or from a reservoir contain- 
ing that gas. 

The oxygen pipe is connectedby an air-tight joint to the lower 
part of the burner or jet, and passes up the interior thereof, its 
mouth or exit aperture being on a level, or a little below that of 
the burner or surrounding flame. 


Both of the pipes where inflammable gas is used, must be 
furnished with stop-cocks, to cut off or supply the two distinct 
gases. These cocks may be placed separately on the pipes, or 
they may be constructed with one plug, serving for both pipes, 
they being connected by air-tight joints to the separate channels. 
The plug has two apertures bored through it, which are oppo- 
site, and answer to the separate channels. The bore of these 
apertures should be somewhat smaller than that of the passages 
to allow for wear in the parts, or tightening down the plug. 


It is desirable that the apertures should be so arranged, that 
the oxygen may be let on little before the inflammable gas, and 
also shut off a little after it. This is readily done by making the 
e eia for the inflammable gas, a little smaller than the 

er. 


It is requisite, in order to carry this part of our improve- 
ments into proper effect, that the two streams or jets of inflam- 
mable gas, and pure oxygen or supporter, should flow in proper 
proportions one to the other, therefore the pipes or channels 
must be furnished with regulating cocks, or set screw plugs, by 
which their capacity, or the passage of the gasses through them, 
shall be determined. 


When oil, in the fluid state, is consumed for illumination, 
the pipe or tube, leading from the oil reservoir of the lamp to 
the circular channel within the burner, is made like a common 
Argand burner, excepting that the bottom part is closed, so that 
no atmospheric air can pass up the interior. The burner is fur- 
nished with a cotton wick, and means of adjusting its height, 
together with a gallery to hold a glass chimney, as usual. The 
pipe is for the passage of the pure oxygen from the reservoir to 
the flame, is passed through the side of the burner by an air- 
tight joint, and extends upwards within the burner. The 
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oxygen pipe is furnished with a regulator, plug, stop-cock, and 
also with the other cock for the purpose of giving the supply of 
oxygen to the lamp when it is once lighted, and cutting off the 
same when it is to be put out. A moveable cup is screwed air- 
tight to the bottom of the burner, which serves for the purpose 
of stopping up the end of the middle channel, and receiving any 
deposit from the oil or flame. 


The pipes and the cutting off and supply cocks which, in this 
instance, have their plugs separate from one another, are turned 
simultaneously by one handle, the end of one of the plugs being 
keyed or counter-sunk into a mortice in the other, so that they 
must move together, although they may be set up or tightened 
separately, as may be required. 


The second part of our invention contains modifications of 
our improved apparatus for producing flashing or intermittent 
lights for signal purposes. 


There are two ways of obtaining or producing this effect ; the 
one is by the simp/e action of bubbles or globules of gases pas- 
sing through liquids; that is, of inflammable gas, when this 
alone is used to cause the light, and also of the pure oxygen 
when the flame of other matter is used in conjunction therewith, 
the bubbles of either the inflammable or non-inflammable gases 
passing from the supply pipe through an inverted syphon or 
chamber, containing a column of liquid, which, acting as an 
hydraulic valve, (the column being displaced before the bubble 
can pass,) interrupts the passage of the gases through the pipe, 
and produces pulsation at the burner. The other method is to 
obtain the same effect by mechanical means, by alternately ex- 
posing and hiding, or nearly shutting out the light. The effect 
of this mechanical operation may be obtained by placing a re- 
volving or moving shade around the flame of the lamp, which 
shade shall hide the light, except at a part desired, say all but 
through an aperture in the side of the shade. This aperture 
being furnished with a reflector to throw the light to a distance, 
and as the shade and reflector revolve around the flame, it will 
have the appearance or effect of a flashing or intermitting light 
to any person placed before or behind it; or the same effect 
may be produced by alternately opening and shutting the door 
of a darkened lanthorn containing the light. 


Another arrangement of mechanism for producing the same cffect, 
is by means of a supply and cutting-off cock or valve, placed in the 
gas pipe when the inflammable gases are used alone, or the oxygen 
when used with the flame of other bodies; which cock is to be al- 
ternately opened and closed by some suitable connection with the 
machinery, and by thus alternately supplying to, and cutting eff the 
inflammable gas, or the oxygen, as the case may be, from theflame, 
produce a flushing, interrupted, or intermitting light, 
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When the inflammable gas is used for this purpose, there must 
be a small continuous flame in such position that the bubbles of 
inflammable gas, as they come in contact with it, will catch fire, 
and the flashing light thereby be produced; and when pure oxygen 
is used, the flame of the oil or other matters being kept continually 
alight, its intensity will be increased or diminished as the oxygen 
is supplied thereto, or cut off therefrom. 

One arrangement or construction of apparatus, whereby the 
method of causing the intermitting or flashing light, by interrupt- 
ing the passage of the gas or oxygen from the reservoir to the 
burner or flame, is effected, by means of a column of fluid being 
placed in its way. A gas pipe is connected, air-tight, to the closed 
chamber or well containing a given quantity of water or oil ; a pipe 
- is carried down to near the bottom of the chamber, where its end 1s 
turned up, and opens into the inner tube, which serves as a guide. 
for the bubbles as they arise, and determines the time of pulsation, 
or passage of the bubbles, by its area; or the same may be deter- 
mined by the height of the column of fluid. 


It will be evident, that if the pressure of gases in the reservoir is 
properly regulated according to the height of the column of water 
in the chamber, (or vice versa,) the gases will only be able to es- 
cape from the descending pipe through the chamber to the burner 
in bubbles, or only at intervals, or whenever the pressure of the gases 
has overcome the weight of the column of water, and forced it out of 
the descending pipe into the chamber, and thus allowing the escape 
of the gases to the burner only at intervals. There is a pipe, fur- 
nished with a fannel and stop-cock, by which liquid can be intro- 
duced into the chamber, and a pipe and cock whereby it aan be 
withdrawn. 


This interruption of the flow of the gases can be obtained by 
several other modifications of apparatus, wherein water or oil 
is opposed to the direct or continuous flow of the gases, the 
fluid having to be displaced by the force of the gas before it 
can pass—the water or oil returning after each portion of gas 
has effected its escape ; therefore it will not be necessary for us 
to describe all such modifications of the simple apparatus; but 
we will proceed to describe one or two modifications, or 
arrangements, or constructions of the mechanical means to be 
employed to produce this effect. 

Another modification of apparatus, consists of a revolving 
shade or reflector, placed around the flame of the lamp, which 
will prevent the transmission of light, excepting through the 
face thereof; and as this reflector turns round the stationary 
light, it will throw the rays of light in different directions, and 
by being enclosed in a dark lantern, with only one face or part 
epen, will have the appearance of an interru or flashing 
light to any person stationed before or behind it. The jet or 
burner, is fixed in any convenient situation, and is furnished 
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with all the requisite pipes and tubes for oil or gases; a hood or 
reflector is fastened to the tube which surrounds the burner, and 
rests un a shouider or ledge formed upon it. Rotary motion is 
to be given to this tube and reflector by any convenient me- 
chanism connected with the machinery, as by a band passed 
from a pulley, or any rotary part of the engine or machinery. 

The same effect of flashing or intermitting light, may be 
produced by alternately opening and closing a door or shutter 
in a dark lanthorn, enclosing the flame, and may be done by a 
suitable machine, having an alternate motion from any part of 
the machinery. 


Another mode is to cause the intermitting or flashing to be 
produced in a stationary Janthorn and continuous light, but in 
which the supply cock of the oxygen pipe is alternately opened 

‘and closed, whereby the intensity of the flame is increased or 
diminished, as the admission of the oxygen is allowed to ‘pass 
to, or is cut off from the flame. 


An oil lamp, adapted for this purpose, may be furnished with 
a moveable reservoir of oil and cotton wick burner in the 
ordinary manner, and a pipe or channel for the pure oxygen, 
leading from a reservoir to the top of the burner into the interior 
of the flame. The part of this pipe, between the lamp and the 
cock, may be made either of metal or flexible material, as cir- 
cumstances may require. A supply and cutting off cock or 
valve, in this instance, is intended to have a rotary or interrupted 
rotary motion given to it by means of the pulley on its plug; 
but a common slide-valve or cock, alternately opening and 
closing by means of a reciprocating or alternating motion, 
obtained from the machinery, may be placed in the same 
situation, and will produce the same effect. A lamp or lanthorn 
may he fixed in any required position, and when flexible tubes 
are used, may be made to take on and off its fittings when 
required. The seat or bed of the cock or valve is to be fixed 
in any convenient situation on the locomotive engine or vessel, 
and a rotary or alternating rotary motion given to it, by means 
of a band or strap passed toa pulley, from any revolving part 
of the machinery, or by a toothed rack connected with, and 
actuated by, any part of the machinery, which has a regular 
alternating or reciprocating motion ; or the same effect may be 
produced by an eccentric, connected by a rod to a crank, all of 
which modifications or arrangements are so well understood, 
that it is not necessary for us to describe them. 


Having now described and ascertained our improvements, 
and the manner of carrying the same into effect, we wish it to 
be understood, that we do not intend to confine ourselves to the 
precise forms, or arrangements of construction of apparatus oF 
mechanism, herein shown, as the same may be varied to sult 
different circumstances; and we claim as our invention, 
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to us by the above in part recited letters patent, as “ our im- 
provements in apparatus for producing and distributing light,” 
first, the arrangement and construction of pipes or tubes con- 
nected with jets or burners, and furnished with suitable stop- 
cocks or valves, whereby a jet or stream of pure oxygen is 
administered or given to the interior of the flame of either oil- 
wick or inflammable gas lamps ; and, in the second place, we 
claim, as our improvements in apparatus for producing and dis- 
tributing light, the improved arrangement and construction of 
apparatus or mechanism, whereby we are enabled to produce an 
intermitting, or interrupted, or flashing light, to be used as a 
signal light for railway, telegraphic, and navigation purposes, 
either by passing the inflammable gas in bubbles, or when it is 
used in connection with a small fixed continuous light, or the 
pure oxygen when used in the interior of flame, obtained from 
the combustion of other matters, the pressure of the gas over- 
coming a column of fluid, and thereby causing pulsation or 
passing of bubbles, before it can escape to the burner or flame ; 
and also the improved apparatus or mechanism, whereby we 
obtain the same effect of intercepting the passage of the gas, 
- either inflammable or non-inflammable, to the fixed or con- 
tinuous flame by alternately opening and closing the valves, 
cocks, or taps of the gas pipes, and thereby causing an inter- 
mitting or interrupted light; and also the improved apparatus 
or mechanism, whereby we obtain the same effect, by the 
revolving or moving shade or reflector surrounding the light, as 
hereinbefore described. 


ROYAL VICTORIA GALLERY OF PRACTICAL SCIENCE, 
MANCHESTER. 


CONVERSAZIONE, Marcu 18TH, 1841. 
ALFRED BIxvoN. Esq., in the Chair. 


On Warming Buildings by Hot Water. 


The subject of this evening’s conversazione, was the joint 
report of Mr. John Davis, M.W.S., Lecturer at the Medical 
School, Pine-street, &c., and Mr. G. V. Rider, Surveyor to 
the Manchester Fire Assurance Company, to a Committee ot 
the Directors of that Company, appointed “to enquire into 
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the nature of the accidents that have reeently occurred from 
the use of hot water apparatus in buildings, and to report 
thereon.” 


After a few preliminary observations Mr. Davies proceeded 
to read the following report :— 


Report on Mr. Perkins’s System of Warming Buildings by means 
of Hot Water. By Joun Davis and GEORGR Vapor 
RYDER. 


Associated in the observations and experiments, we have pre- 
sumed that we might, with advantage, present a juint report. 


Before we proceed to detail the experiments which we have 
made, we shall briefly describe the appearances observed, and the 
information obtained at a few of the principal placcs which have 
been visited. We shall then be enabled not only to confirm but to 
extend the statements in Mr. Ryder's first report. (See appen- 
dix A.), 


It has been found, on inspection, that Birch Chapel has, at 
various times, since the occurrence alluded to in the former report, 
sustained much damage. Wood, matting, and cushions have, in 8 
variety of places contiguous to the hot water pipes, been charred ta 
an alarming extent. 


With respect to Mr. Barbour’s warehouse, farther inquiry has 
fully corroborated the previous statements of its having been on 
fire, close to the pipes, at different times and in different places. 


Of the Unitarian Chapel, in Strangeways, the Directors are 
already in possession of information from both Mr. Ryder (see 
Appendix A) and Mr. Rawsthorne, (see Appendix B); and this 
information seems to leave no doubt as to the injary which hes 
resulted from the use of Mr. Perkins's hot water apparatus. 


The heat in the Natural History Museum having been repeat- 
edly stated to vary in different parts of the pipes, and to become, 
in some cases, the greatest at places remote from the furnace, the 
fact has been confirmed by our own observations and by our subse- 
quent experiments. As this circumstance has excited much in- 
terest, and been generally questioned, we shall presently endeavour 
to assign the cause. 


The apparatus, which it may be proper to notice in reference to 
its general form and construction, consists simply of a long, end- 
less iron tube, carried, in different directions, from a furnace to 
which it returns, and in which about one-sixth of the whole length 
is inserted and formed into a coil, so as to be sufficiently 
to the action of the fire. The tube is, at the commen 
filled, or nearly filled, with water, which, by the application of the 
heat, soon begins to circulate, and, in that way, to impert an 1 
crease of temperature to the apartments which it travesses Jb 
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dimensions of the pipes are such that, on the average, eleven feet 
in length will contain one pint of water. Connected with the prin- 
cipal pipe are two others, seen in the diagram, which are opened 
by a screw, one to allow for the ultimate expansion, and both sub- 
servient to the introduction of water. 

As far as lay in our power, we have made such experiments as 
occurred to us, repeatedly, and under every variety of circum- 
stance. 

Not having any instruments which would furnish speedy and 
adequate criteria for the determination of high temperatures, we 
have resorted to the inflammation of combustible bodies, and the 
fusion of others, depending on the recent and hiyh authority of 
Professor Graham for the degrees which they indicated. 


In the Natural History Museum we applied our tests, but were 
enabled to do so only to a very limited and unsatisfactory extent - 
Mr. Walker accompanied us to the establishment of Messrs. 
Vernon and Company, engravers, where we had the opportunity 
of trying the system rather better, but still imperfectly. Finally, 
Mr. Walker acceded to our request to have put up, on his own 
premises, a suitable apparatus, which was to be submitted entirely 
to our control. It consisted of an iron pipe upwards of 140 feet 
in length, 26 of which were coiled in the furnace, 20, at least 
being ireely exposed to the full action of the fire. 


In addition to the apparatus, as at first fitted up, we had a 
branch pipe and a stop cock, which enabled us, by cutting off at 
pleasure a great portion of the circulation, to perform our expe- 
riments on a contracted scale, and under a variety of modifi- 
cations. 

Mr. Walker, being from home at the time, placed his Fore- 
man entirely under our directions, so that we had the opportunity 
of pursuing the investigation to any extent which we might think 
proper. It is but justice to state that this person rendered, very 
willingly and with much practical skill, all the assistance which 
was required. 

The apparatus having, on Friday the 5th instant, been fitted 
up, and found, on trial, to be in proper condition, the experiments 
were commenced on the following morning, at ten o'clock, when 
the apparatus had arrived at a suitable state. 


I. First class of experiments, viz., those made with the whole 
length. 

I. The pipe from the furnace became very soon sufficiently hot 
to singe and destroy small feathers resting upon it. 

2. Speedily afterwards, the same pipe exploded gunpowder. 


5 3. On the highest pipe, within a foot of the expansion pipe, 
bismuth was readily meited, denoting a temperature exceeding 
470 i 


U 
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4. Feathers were singed instantly, and matches lighted at the 
saine place. 


5. Gunpowder inflamed readily in various parts of the flow pipe, 
and on the expansion pipe. 

6. Blocks of wood, of five different species, were charred : from 
the deal wood the turpentine issued profusely. 


7. Other combustible materials were also severally much 
charred. l 


II. Class of experiments, with the shorter circulation. By 
ihis change a greater pressure was immediately observable, as t 


expansion pipe and several of the joints emilied steam, and ad- 
milted the escape of water. 


1. Cane shavings, on the pipe above the furnace, readily in- 
flamed. 


2. Lead melted at the same place; and the temperature must, 
therefore, have exceeded 612° 


3. Different wood shavings inflamed on the upper pipe. 

4. Cotton ignited freely at the same place. 

5. Matting inflamed at the same place. 

6. Cotton, hemp, and flocculent matter, collected from Mr. 
Schunck’s fustian room, ignited on the returning vertical pipe. 


7. The blocks of wood, tied to different parts of the tube, were 
much acted upon and charred in a very short time. 

Observing the expansion pipe to be in a state of considerable 
agitation, and warned of an explosion, the temperature was re- 
duced, and the experiments were, for the time, suspended. 

The pipes having, before three o’clock, been refilled and screwed 
up, for the express purpose of an explosion, the following experi- 
ments were made in che progress of che preparation .— 

1. Mungeet was readily ignited. 


9. Different sorts of paper and pack thread were destroyed. 

3. Bismuth fused instantly. 

4. Cotton inflamed. 

5. Sheep’s wool became speedily charred. 

6. At five o'clock, the sheet lead, affixed to the upright pipe, 
freely melted, ; steam issued violently from the bend in oneof th 
upper horizontal pipes, and, in three minutes afterwards, the ex- 
plosion occurred in the furnace pipe, at the top of the seventh coil, 
which presented, on subsequent examination, a lateral aperture 
about two inches long, and about one-sixteenth of an inch broad. 

In the lapse of two or three minutes after the commencement of 
the explosion, the furnace was entirely emptied of its contents 
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which were propelled, in a divergent direction like one mass of 
fire, so as almost to fill the apartment. The force with which the 
ignited embers rebounded from the opposite wall, and other ob- 
structions,, occasioned them to scatter in profusion like a shower 
of fire over every part of the place. The noise was so great as to 
bring to the spot a multitude of people from the adjoining streets. 
A number of articles in the shop, as, for example, packing cloth, 
paper, and hemp, were subsequently found to be on fire in different 
parts of the premises. 


These appearances, and their immediate effect, seem to have 
been precisely similar to those which are said to have been witnessed 
at the explosion in the warehouse of Messrs. Crafts and Stell, and 
would, evidently, have been adequate, in the same situation, to 
produce all the consequences. 


It may be here observed that the experiments clearly prove’ 
that the heat, in different parts of the pipe, is not uniform: 
Generally it is greatest at the highest elevation, where its su- 
perior temperature appears to be of the longest duration under 
ordinary incidental changes. At the commencement of the 
operation, however, and a short time after fresh fuel had been 
applied, the temperature was highest in the flow-pipe contigu- 
ous to the furnace. Another circumstance, likely to produce an 
inequality of heat, may be adverted to: the tubes are far from 
being of uniform internal diameter; the consequence of which 
must be, that as the same quantity of water has to pass, in the 
same time, through every part of the apparatus, the liquid 
must move with greater velocity at one place than another, and 
thus, from obvious causes, develope a greater quantity of 
caloric. The difference is sometimes so great in the relative 
bores of the tubes employed, that in some which were éxamined, 
one tube had an internal diameter of 9-16ths, and another of 
Iths of an inch, that is to say, in the ratio of 3 to 4: or, taking 
the relative areas or sections of the tubes, which represent the 
relative quantities of fluid contained in a given length, in the 
proportion of 9 to 16. Thus, taking the velocity reciprocally 
as the section of the pipe, the velocity of the water at one part 
of the apparatus being represented by 16 feet, the velocity in 
another part would be 9, or the rapidity of the current would 
be at one place nearly double that which it was at another. 


It is stated, in a work recommending the Hot Water system, 
that the application of heat fills” the ascending or flow-pipe 
c with minute bubbles of steam which rise rapidly to the upper 
part of the tube, and become there condensed into water 
‘again: now, as condensed steam, wherever it occurs, produces 
about seven times as much heat as the same quantity of water 
at the same temperature, we have, at once, a reason for the 
‘heat of the pipe being generally greater at a distance from the 
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furnace than contiguous to it. This apparent anomaly, which 
has been repeatedly observed and denied, admits, therefore, of 
an easy explanation. 
The explosion may, under different circumstances, occur 
om various causes. 


1. As water expands in bulk about five per cent. from 40°, 
its point of greatest density, to 212°, the boiling point, the ex- 
pansion must be very considerably more when raised to high 
temperatures. If, therefore, the pipes be nearly filled with 
water, and the expansion pipe not adequate or in proper condi- 
tion, an explosion must be inevitable. 


2. The conversion of the water into vapour, producing an 
expansion which is in the proportion of a pint of water changed 
into 216 gallons of steam, with a mechanical force sufficient 
to raise a weight of 37 tons a foot high,” must present a pres- 
sure upon the tubes sufficient to ensure their destruction. 


8. It has been observed, as an ordinary occurrence, by those 
accustomed to the apparatus, that, in some cases, a quantity of 
gas is generated, and has been found to escape, in considerable 
quantity, when an aperture is made in the uprer part of the 
pipes. The only gases which could be thus obtained are the 
elements of the water, oxygen and hydrogen. The former 
would, probably, be taken up in the oxydation of the metal. 
Now the hydrogen gas, which would remain, has never been 
deprived of its elasticity, and never made to change its state, 
by any compressing force hitherto applied. It is obvious, 
therefore, that inevitable danger must arise from its pro- 
duction. 


4. The last source of explosion to which it is necessary to 
refer, arises from any casual impediment in the pipes; and it 
is freely admitted that in frosty weather such an impediment is 
likely to occur: it has been found to result from other causes, 
as in the case of extraneous matter accidentally getting into the 
pipes, an example of which was recently presented in the esta- 
blishment of Messrs. Wood and Westheads. 


In a very obliging letter received, in the course of the inves- 
tigation, from Sir Robt. Smirke, it is stated that, though he has 
“ never seen the pipes heated sufficiently to ignite wood, ex- 
cept on one occasion,” yet, “if a fire is incautiously made when 
there is a stoppage in the pipes from frost or other accidental 
cause, the pipe within the furnace may be burst or made red 
hot near the furnace. 1 have known the pipe,” he adds, “ so 
heated only in one instance, when the red heat extended toa 
distance of upwards of 12 feet from the furnace.” 


Sir Robert concludes his letter by suggesting a protective 
modification of the apparatus. Therefore, he observes, “to 
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prevent the risk of fire to a building, I would never place the 
furnace in a room or cellar that is not fire proof, nor would I 
have the pipes in any part of their circuit in actual contact with 
wood or other combustible material. Security,” he continues, 
«is still more effectually attained by having a safety-valve upon 
the pipe near the furnace, by which explosion or excess of heat 
would be prevented.” 


That which has happened once, may, under the same eir- 
cumstances, happen again. The exclusion from actual contact 
with combustible materials, could it be permanently ensured, 
would, when the red heat extended along the pipe upwards 
of twelve feet, afford, at least, very reasonable grounds for 
apprehension. 


On this system of warming buildings, therefore, danger 
must be produced from either negligence in the feeding of 
the furnace, or any stoppage in the pipes: the former evil may 
be obviated by proper precautions; but the latter, occurring 
unexpectedly, exists unobserved, and precaution and care must 
be equally unavailing. ; 

Signed, JOHN DAVIES, 
GEORGE VARDON RYDER. .- 


10th March, 1841. 


APPENDIX A. 


Manchester, February II, 1841. 


TO THE DIRECTORS OF THE MANCHESTER ASSURANCE 
COMPANY. 


_ GENTLEMEN,—Having been requested to state, in writing, the 
substance of certain inquiries which I have been led to make into 
the subject of fire, as occasioned by the use of Mr. Walker's patent 
process, of heating apartments, by means of hot water pipes, I beg 
respectfully now to lay before you the following report: — 


The first instance in which my attention was aroused to this 
danger, was at Birch Chapel, Rusholme, on Sunday, the 27th of 
December last; the floor, which is of oak, had been during the 
day, on fire, at the distance of several yards from the furnace, which 
is in a shed outside the Chapel; and I then expressed my 
cunviction, that it had been caused by the hot water pipe which 
rested on the floor of the pews; and I believe the churchwardens 
have since been of the same opinion, though the more important 
question, how the pipe becameso heated, still remains matter of doubt, 
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The next place to which my attention was drawn was Messrs, 
Barbour and Brothers warehouse in Portland-street. This was on 
Tuesday, the 9th inst., when I heard that it had been on fire, on 
the previous day, from some irregularity of their hot-water appa- 
ratus ; and in confirmation of this report, I found that the ware- 
house had been on fire in not less thau four different places at one 
and the same time, and in such parts as led me to the conclusien, 
that the hot-water pipes had unquestionably been the cause. On 
a personal inspection of the warehouse, and on examining the 
different persons employed therein, as well as Mr. Walker's super- 
intendant, (Mr. Walker being himself out of town,) I ascertained 
that the furnace wherein the coil is heated, is fixed in the cellar, 
from whence the heated water ascends, by what is called “ the flow 
pipe,” perpendicularly through the next, or first story, into the 
second, where, after travelling to the expansion pipe, it flows on 
by what is called “the return pipe, (though in reality the same,) 
round nearly two sides of the room, and descends into the first 
story, where, after travelling about the same distance, it ultimately 
returns into the cellar, to the bottom of the coil in the furnace, 
where, being heated as before, it rises again, and takes the course 
above described. All this is supposing, at least, that the apparatus 
is acting correctly, and as intended. 


I had, yesterday, occasion to inspect a stove in George-street 
Chapel, Strangeways, where I found that hot-water pipes had been 
in use, and on a close examination, I found the floor, in several 
instances, charred black; but how long ago this may have been 
done, I could not ascertain ; and the pipe having burst, some time 
back, the apparatus has not since been used. 


Understanding from Mr. Morton, that there had been some 
alarm created at the Natural History Society's Rooms, in Peter- 
street, I this morning visited that building, and found, that on 
Monday last, the matting on the floor of one of the rooms in the 
third story, had been so charred by the hot-water pipe as to require 
to have a portion cut off. This charred part Mr. Morton now hes 
in his possession, The floor, also, at the same place, appears to 
have been scorched, but so far at least, as I was able to examine 
the rooms, I did not find any other similar effect. The two fur- 
naces in this building are in the cellar, and I understand, that on 
the pipes being afterwards opened by Mr. Walker's men, a consider 
able quantity of strong gas was emitted; and the water, when 
pumped out, was very black, but bore no indication of the pipe 
being rusted. Mr Walker's manager says, that the gas found in 
these water pipes, will readily ignite, if a light be applied to the 
aperture through which the gas as emitted. 


Being myself unable to account for these fires occurring at so 
great a distance from the furnace, as was the case at Mr. Barbour’s 
warehouse, above alluded to, I asked Mr. Walker’s manager fur 
some explanation, but when questioned yesterday, on the subject, 
he seemed unable to account, satisfactorily, for the peculiar man- 
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ner in which these different fires had been caused. He, however, 
distinctly stated, that he has, in company with Mr. Walker, seen 
experiments tried at the works, upon pipes of this description, when 
they found, that the pipes may easily be made, if not of a red 
heat, at least sufficiently hot, to ignite any combustible matter 
that may be brought into contact with them, and that this effect 
may be produced, simply, by putting an additional quantity of 
fuel into the furnace. 

The only conclusion which I have yet come to, under all these 
circumstances, is that the pipes have been so overheated by their 
contents, as to cause ignition to the combustible materials surround- 
ing them, but how this actually takes place I do not attempt to 
explain. 

I remain, Gentlemen, 
Your very obedient Servant, 


G. V. RYDER. 


APPENDIX B. 


Gas — 


Report, and Replies to Questions put by Mr. John Davies, in reference to the 
Hot Water Pipes lately removed from Strangeways Chapel. 


QUESTION. ANSWER. 
1. When applied ? In 1839, from Walker. 
2. How long used? Barely two years. 


3. Inconvenience experienced? Deficieney of Heat, great con- 
sumption of Fuel, and offen- 
sive scent when heated. 

4. Reasons for discontinuing Want of sufficient Heat, the 


them? bursting of the Pipes, and 
the danger apprehended. 

5. Appearances whenthe pipes The Floor underneath the pipes 

were removed ? much charred, in some places 


nearly burnt through. ` 
OBSERVATIONS. 


These pipes were upon the high pressure plan, and were 
found very unmanageable ; the offensive scent of the combus- 
tion of wood occurred to such a degree as to cause the congre- 
gation much annoyance ; causing many to cough, &c. The 
floor appeared to be most burnt where the joints occurred. At 
present the Committee are trying two of Arnott’s stoves. 
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The Chapel-keeper will show Mr. Davies, if required, the 
effect produced from using the pipes; the charred appearance 
is general, and the Committee think that the Chapel has had a 
fortunate escape from being burnt down. 


JOHN RAWSTHORNE, 


1, Claremont Terrace, Strange ways. 
Feb. 27th, 1841. 


When Mr. Davies had concluded reading the joint report of 
himself and Mr. Ryder, with some additional observations of his 
own, the Chairman said, the meeting was much indebted to 
those gentlemen for their highly interesting, important, and 
valuable report, and for the series of experiments detailed by 
Mr. Davies, which were full of highly interesting matter. In 
answer to a question, Mr. Davies stated, that the internal 
diameter of the pipe with which the experiments had been 
tried, was half an inch. 


Dr. Black asked if Mr. Davies had ascertained that water 
was really decomposed in any of the experiments ? 


Mr. Davies said, he should have much liked to ascertain 
that ; but, though no opportunity was afforded him of doing so, 
he had no doubt of the fact, passing as the water did through 
nearly red-hot iron pipe. It was a common lecture-table expe- 
riment to show the decomposition of water, and the formation 
of hydrogen, by passing it over red-hot iron. 


A Gentleman asked if the pieces of grooved wood on the 
table were grooved before they were applied to the pipes ? 


Mr. Davies said, they were slightly, in order to fasten them 
to the pipe; but the grooving had been considerably deepened 
by the charring. | 

The Gentleman asked if the distances of these pieces from 
the furnaces had been noted ? 

Mr. Ryder: One was about 12 feet; the other about 70 
feet from the furnace; the total length of the piping being 
about 140 feet. 


Mr. Hopkins wished to ask whether steam was formed in 
these experiments, and, if so, to what extent. It was known 
that the formation of steam was checked by pressure, and there 
would be great pressure in the force of water, which would 
tend to prevent the formation of steam. 

Mr. Davies said, that the pipes were never completely filled 
with water, a certain allowance being made for their expansion 5 
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and if that allowance were not made, an explosion would occur ; 
and this allowance permitted steam to be generated. That 
steam was actually generated, they had a good opportunity of 
judging; for, near the close of the experiments, steam issued 
very clearly from various joints in the pipes. 

Mr. Hopkins said, that steam would be formed wherever 
there was an aperture, with the water at so high a temperature, 
on its commanicating with the external atmosphere, was clear ; 
but the formation of steam within the pipe, supposing it to be 
entirely filled, would he presumed be very slow. It appeared to 
him desirable that that point should be considered, because the 
probability was, that, if steam were formed in the upper part of 
the pipe, the explosion would take place there, and not in or 
near the furnace. 


Mr. Davies said, that under the condition Mr. Hopkins sup- 
posed, the pipe being entirely filled, there was not a possibility 
of steam being produced. Of this there was a beautiful illus- 
tration in Pappin’s digester, in which water might be rendered 
absolutely red bot, and no steam was generated during the 
time. 

Mr. P. Clare apprehended, that, if the pipes were not com- 
pletely full, steam would exist under any circumstances, and at. 
almost any temperature. The actual quantity of steam remain- 
ing in the pipes would be diminished by the expansion of the 
water contracting the space which the steam might occupy ; 
therefore, he thought it hardly safe to go upon the presumption, 
that no steam would be generated under the circumstances in 
which these pipes had been placed. With respect to the effect 
produeed by these small pipes contawiing water being heated 
to a high temperature, vo which the ‘public attention had not 
been called till lately, he might mention, that, as long ago as 
April, 1823, in the Annals of Philosophy, was published a 
statement of the manner in which Mr. Perkins heated the boiler 
which he used as his resei voir, for t he water which he heated, 
to a high temperature; in which article it was stated, that he 
went upon the presumption, that w ater might be heated till it 
was red hot. Now, although no experiments that he (Mr. 
Clare) was aware of, had been mac le to prove that water ever 
had been made red hot, the re were cases in which the pipes had 
been filled with the water, and the: coil in the furnace had been 
heated red hot. In that case, the decomposition of water 
would take place; the hydrogen would be set at liberty, while 
the oxygen would unite with the iron pipe; and, in that case 
it was easy to conceive how hyd: ‘ogen gas might be generated 
in the pipes, and, when they we te opened, it would escape ra- 
pidty. It appeared, from the report, that the joints of the 
pipes were liable at times to allo w steam to pass out. He ap- 
prehended that would be from, the water, which, on being 
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exposed at a high temperature to the air, immediately formed 
steam, and was seen passing off from the joints. When that 
took place, the space which that water occupied in the pipes, 
would either be supplied by the expansion of the water remain- 
ing in them, or by the generation of hydrogen from the decom- 
position of the water ; or, it might be, that steam might exist. 
As to the danger of fire from high temperature in the pipes, he 
should have been glad if there had been any account of experi- 
ments to show at what degree of temperature wood became 
charred ; wood itself, when perfectly dried, being nothing but 
two atoms of water combined with three atoms of charcoal. If, 
therefore, wood were exposed to a moderately high temperature 
for a considerable time, it was very probable that these two 
atoms of water would be driven off, and nothing but the char- 
coal would remain. Now, charcoal was subject to spontaneous 
combustion ; and it was a question with him, whether a much 
lower temperature than is ordinarily required, if applied for a 
considerable time to charcoal, would not set it on fire. It be- 
came, therefore, a matter of considerable importance, in passin 
these pipes along buildings, that they should not be bronght 
into contact with any combustible materials; for the same rea- 
soning might apply to any other combustible material, as well 
as to wo If Mr. Davies was prepared to show at what tem- 
perature charcoal would take fire, he would greatly contribute 
to benefit the public by the communication. 


Mr. Davies was sorry he had not with him a table shewing 
at what temperature wood became charred; it was not a very 
high temperature, hut the exact degree had escaped him. 

Mr. Richard Roberts of the firm of Sharp, Roberts, & Co. 
said, he had very frequently observed that wood became 
at a very low temperature, as he had seen in connection with 
low-pressure steam engines, at say 5 to 6lb pressure to the 
square inch, at a temperature of not more than perhaps 212°. 

Mr. Hopkins asked whether it did not require a considerable 
time to effect that charring ? 

Mr. Roberts.— Yes. 

Mr. Hopkins.—That corroborated Mr. Clare’s statement, that 
at was probably a drying process. 

Mr. Clare said, he did not allude to a drying process, but to 
the state of wood after it had become perfectly dry. 

Mr. Hopkins asked if Mr. Clare meant that, on the two 
atoms of water being driven off, combustion took place 7 

Mr. Clare said he merely offered it as a suggestion as probable 
that it would ignite after long exposure in that state to a 
moderate degree of heat. 
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Mr. P.H.Holland apprehended that what Mr. Clare had said, 
referred, not to drying. but to the supposition that even a 
moderately high temperature would be sufficient to effect the 
decomposition of the elements of which wood was composed. 
The question immediately before the meeting was, at what heat 
would the charred wood ignite. A temperature not very much 
less than red hot would be required to ignite the charcoal so as 
to make it burn, but that would not be exceedingly dangerous ; 
and a still higher temperature would be required to make it 
burst into active flame; and he thought there was no instance 
mentioned, in the reports of any dangerous fire, resulting from 
heat communicated from the pipes themselves. . 


Mr. Davies said, that he and Mr. Ryder had found, in the 
warehouse of Messrs. Barbour, Brothers, that thick pieces of 
wood, the legs of large tables, contiguous to the pipes, but very 
far from the furnace, had been set on fire from the pipes, and 
pieces of smaller magnitude were found to be on fire at different 
times. 


Mr. Holland said, that besides the difference of temperature 
in the pipes, resulting from the distance of the furnace, there 
would appear to be other differences resulting from the internal 
diameter of the pipes. 

Nr. Davies.—That is the speculative part of the paper. 


Mr. Holland.—This, as a matter of speculation, he thought, 
was much more interesting than many other points. He 
made the same supposition as the reporters, that it depended 
upon the different diameter of the internal parts of the pipes; 
but, while they attributed it to the greater velocity of the liquid 
at one place than another, he thought it was owing to the thin- 
ness of the metal in some parts, as compared with others. 


Mr. Davies.—The metal is nearly uniform in thickness. 


Mr. Holland.—That could hardly be, if, as was stated, the 
external diameter was about an inch, and the internal diameter, 
in some cases, 9-16ths, in others, 12-16ths, or three quarters of 
an inch. In some cases, then, the thickness of the metal would 
not be more than 4-16ths, or a quarter of an inch; and if the 
water in this exceedingly thin piece of metal were as hot as 
melted lead, it followed, of course, that the external temperature 
of the metal there would be considerably hotter than where it 
was 9-16ths. Now iron was a bad conductor of heat. Every 
one acquainted with steam boilers knew the great difference of 
temperature between the external surfaces of the metal, and 
that internal surface next the water; and it was always considered 
desirable, on this account, to reduce the thickness of steam 
boiler plates exposed to the fire, as much as was consistent with 
safety. He thought, therefore, it was rather from the difference 
of temperature in the metal itself, from variation in thickness, 
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than in the water itself, that this different temperature took 
place. It might be thought contrary to this supposition, that 
the wood was most charred at the joints, where the pipes 

ed to be of double thickness ; but it was in appearance 
only, and the fact was that the wood was most charred where 
the pipes rested on the floor. 


Mr. Davies said, in the very ingenious remarks of Mr. Hol- 
Jand, the very datum upon which all his reasoning rested was 
entirely destitute of foundation, viz. that iron was a bad con- 
ductor ; for in fact it was an excellent conductor. 


Mr. Holland said that iron was known to be a worse con- 
ductor than copper, and copper did not conduct so well as 
moving water. Iron did not conduct through its substance 
with any thing like the rapidity of copper, and speaking as 
amongst metals, iron was a bad conductor. 

Mr. Davies said, that, as to the conducting power of water, 
Dr. Prout had drawn the distinction between the conveyance 
by motion and the conducting throughout the particles of a solid 
body, calling the latter conduction, and the former convezion. 


Mr. Holland said, that he knew iron was a better conductor 
than wood ; but he would appeal to those who had made or 
repaired locomotive engines, if they did not find that where 
the copper was thicker, as the heads of rivets, or in thickened 
double tubes or plates, they were liable to be burnt on the out- 
side, because they became so hot, though the water inside had 
a pressure of 40fb or 50bb, proving that the copper outside was 
very mach hotter than inside. If this were so, it shewed, that 
copper was a bad conductor; and as it was a better conductor 
than iron, his assertion that iron was a bad conductor, he 
thought, was borne out by fact. 

Mr. Davies, said, this was fiction against fact, to all intents 
and purposes. Every one knew the ordinary experiments of 
the lecture table, where a series of bars of different metals were 

ut with a small piece of phospborus or wax at the end, and a 

ighted taper was applied four or five inches from the extremity, 
on which the phosphorus took fire, or the wax was melted, 
showing the rapidity of conduction. There was in iron the 
property of uniform diffusion: and if the 55 of a 
pipe twenty inches thick were made red hot, it w very 800a 
red hot outside. 

Mr. William Read would like to know the practical bearings 
of the subject upon all those buildings in which this mode of 
heating was adopted; whether it was considered so safe as to 
allow of insurances being effected upon them, upon print iples 
similar to those before employed: and he would alec ask 
whether this admirable system of heating could be so far de- 
prived of its dangerous tendency aq that it could still be: em 


On Warming Buildings by Hot Water. 489 


ployed in the warming of buildings, without the possibility of 
those dangerous results to which—which nobody could deny, 
after the interesting and important experiments of Mr. Davies— 
it was exceedingly liable. It became a matter of very serious 
question to al! who had now their manufactories, places of 
business, workshops, and large apartments heated in this man- 
ner, whether some such plan as the following might not obviate 
the difficulties: - If the steps or sleepers in which the pipes 
were now laid, were composed of iron, or any metallic sub- 
stance so well capable of conducting heat as iron was, it was 
clear that the amount of risk was increased by those sleepers ; 
but if composed of incombustible substances, incapable of con- 
ducting heat, as, for instance, some of the stone with which 
Mr. Davies was doubtless acquainted, so as to prevent any 
contact with wood or other combustibles; end if also such a 
safety- valve could be used as would be a security for the circu- 
lation of the hot fluid within the tube, and to prevent danger 
from the malignant feelings of persons employed, he thought it 
became an object of the highest importance for scientific men 
to provide means by which these great evils might be obviated 
in every possible way. 

Mr. Jeremiah Garnett was afraid, that no such expedients as 
those suggested by Mr. Read would render this means of 
warming buildings safe or tolerable ; because, though the pipes 
did not come in contact with any timber, yet at all times 
combustible substances were apt to be laid in contact with 
them. A pipe passing through the rooms of a warehouse filled 
with goods, might at any time have a pile of goods laid upon 
or thrown against it, and very great danger would result from 
that, if these pipes were permitted to be heated to the degree 
of which it was shown they were susceptible. It seemed to 
him, that by no means could this class of pipes be rendered 
safe, unless some means were adopted to prevent the temperature 
from rising to the dangerous point ; and that he thought would 
be best effected by having one part of the pipe composed of a 
metal that would melt at a heat below that at which it began to 
be dangerous. Such part of the pipe might be made of bismuth, 
or of one of the mixtures of lead, tin, and bismuth, which melt 
at a very low temperature; and then it seemed improbable that 
any danger could arise from it, because, before the series of 
Pipes was heated to the dangerous point, this part would melt, 
the water would run out of the pipes, and there would be an 
end of the danger. Without that, or some such precaution, he 
thought it perfectly clear, both from these experiments and 
what had been previously observed, that no mode of warming 
buildings with closed pipes could be adopted by any man having 
the slightest regard for the safety of his property. 


Mr. Read said he had made his observations because this 
Siote had been extensively adopted; and if, ov means of future 
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experiments by Mr. Perkins and others, any method could be 
discovered that might at all events greatly lessen the danger or 
the risk incurred, it would be desirable. He mentiened it 
with the view that this great system, which had been extensively 
adopted, might not, without further trial, be abandoned. He 
thought it too good a principle to be at once totally laid aside, 
without the best efforts being taken to make it perfectly safe. 


Mr. Gooch thought a safety valve would regulate the tem- 
perature at once, and parties could put as much pressure upon 
the valve as they chose; and thereby have a fixed and certain 
heat, which could not be exceeded, as, at a certain point, the 
valve would blow off. 


Mr. Davies said he had suggested a safety valve at an early 
point in the inquiry, as the most natural mode of prevention, 
and the only one calculated to insure any thing like perfect 
safety; but he was told it was utterly impossible; that contri- 
vances of that kind had been tried, and found utterly unavail- 
able. As to this mode of heating apartments, it appeared to 
him one of the most beautiful ever devised, and it was only 
under certain circumstances that danger could be apprehended ; 
first, when too much heat was applied, because then they had 
seen by what had occurred here and elsewhere, what was the 
inevitable result; and, in the case referred to by Sir Robert 
Smirke, where the pipe was red hot at a distance of twelve feet 
from the furnace, it was obviously exceedingly dangerous in 
any place where there were combustible materials. The sug- 
gestion of Mr. Garnett pleased him, because it accorded with 
his own views. Lead would melt at a temperature below the 
dangerous point. He proposed, therefore, that one portion of 
the pipe, at its greatest elevation, should consist of lead: and 
if it became heated above 600“, the lead would melt, and the 
dangerous consequences would be wholly obviated. When be 
suggested this to one individual practically concerned in these 
affairs, he had scouted it as an idea altogether inadmissible. 


Mr. P. Clare said, as to the application of pipes of metal 
melting at lower temperature, he thought he had heard Mr. 
Perkins say, nearly 20 years ago, that it was such a mode as he 
would himself recommend as a protection against bursting. 
One difficulty he thought existed which he did not see how to 
overcome, viz.—making use of such small pipes to convey 
water at a low temperature, would not warm the air and the 
walls; and unless water were conveyed through such pipes at 
a high temperature, it would be wholly ineffectual for the pur- 


e. 
PO Mr. Eaton Hodgkinson asked whether any one had suggested 
the use of sheathing or a larger thin metallic pipe to surroun 
the small one, which, while the surrounding air would be 
heated, would probably prevent all danger. 
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Mr. Davies said there would be this objection, that the water 
pipe within the larger pipe would be of course enclosed in a 
volume of air, which was one of the worst conductors, and thus 
the object of the apparatus would be entirely frustrated. 

Mr. E. Hodgkinson said the pipe or sheathing might be per- 
forated. 

Mr. Davies said he agreed with Mr. Clare, that in these small 
pipes a low temperature would not give sufficient heat. 


Mr. Garnett thought that was by no means conclusive against 
the use of this kind of apparatus, because there was a point at 
which the temperatnre was actually safe; and, as experience 
showed, under ordinary circumstances was sufficient for the 
purpose of warming. That temperature was considerably above 
that of boiling water; yet it was obvious from many pipes never 
having been raised to a dangerous hei that, provided it 
could be prevented being raised beyond the safe point, it might 
still be raised to a height sufficient for the purpose. If there 
were something to allow it to rise to 400°, but to prevent it 
rising to any thing like 600°, the danger would be prevented. 


Mr. Hopkins thought they were met rather to receive infor- 
mation as to what had taken place, than to suggest remedies in 
this stage of the inquiry. He was desirous of 5 whether 
steam was formed in the upper part of the tubes, because it ap- 
peared to him that if it formed there, a safety- valve would allow 
the steam to blow off. 


Mr. P. H. Holland asked if Mr. Davies was aware at what 
temperature water began to be decomposed. His own opinion 
was, that it was decomposed at all temperatures above the 
boiling point, perhaps lower ; but he could not call to mind any 
experiments. 


Mr. Davies said he did not know whether the lowest tem- 
perature at which water became decomposed had ever been 
_ ascertained. 


Mr. Garnett asked if Mr. Davies had observed thes tate of the 
coil shortly before the explosion, as to its appearance with 
respect to redness ? j 


Mr. Davies said they had examined the coil repeatedly before 
they got near that state ; but when the whole became ready for 
the explosion, and the door of the furnace became red hot, they 
thought the better part of valour was diseretion.— 
(Laughter.) They had never seen the coil really red hot. 


Mr. Garnett said he had asked the question, because told by 
a man at Messrs. Barbour’s, that he had seen the coil red hot ; 
and it was stated also, by a workman of Mr. Walker, that he 
was satisfied it had been red hot at that warehouse. 
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Mr. Ryder said he had seen that many of the coils had been 
red hot; but whether at the time in question, or some other, 
he could not say. One important thing they noticed, which 
Mr. Davies had not alluded to—viz., that these pipes being 
united by sort of nut, they found in several instances that the 
heat was decidedly greater on that side the joint where the 
water flowed, than on the other, within a distance of six or eight 
inches. The pipe during the joining must have bulged in 
(which they found had been the case with some of thein) and, 
they found an additional pressure there. 


Mr. Garnett asked if they had tried it so far as to say whether 
that was universally or usually the case ? 


Mr. Ryder said they had not, but they tound it so in several 
instances. 


Mr. Davies added, that the difference of temperature was very 
great at very short intervals. 


Mr. E. Hodgkinson asked whether the pipe was observed to 
be as hot on the under side as the top, and whether the charring 
took place to the greatest extent when the artiele was laid upon 
or placed below the pipe. 


Mr. Ryder said, he had found once ur twice, that the pipe 
would freely ignite gunpowder at the top, and would not under- 
neath. 


Mr. Hodgkinson said so he conceived, and it might be 
doubted whether there was not a small film of steam generated, 
of extreme density, occupying the top of the pipe. 


Mr. Davies said their attention had been more called to the 
circumstance, because Mr. Walker's foreman had conceived that 
the under surface was a great deal hotter than the upper. When 
combustible substances were pizced round the pipe, they found 
that they entered into a state of combustion nearly equally all 
round. 


Dr. Black asked at what temperature lead meits. 
Mr. Davies.—About 612°. 


Dr. Black.—Then he did not see why these pipes might not be 
made totally of lead. A heat of 400° would be sufficient to heat 
any apartments, however large, as he knew, having once fitted up 
in a dweiling house a pipe from the kitchen fire to heat water, 
at a height of three stories, for a bath. He placed an iron coil 
in the kitchen fire; and at six inches from the fire he joined it 
with lead pipe, and had a current up and down through the 
kitchen fire. He fi.und the heat sufficient in the bath, perhaps 
30 feet above the kitchen fire. He would suggest the adoption 
of a safety-tube at the highest part of the pipes carried to any 
height desired, and open to the atmosphere, which would 
regulate the heat, and with free communication with the atmos- 
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phere, no injurious pressure could take place. In order to 
diminish the temperature to the safe point, the coil in the fire 
need not be made so long or so large, and then the heat 
would not rise to a degree verging towards explosion. The 
safety tube would obviate the collection of steam in any part 
of the pipe, because, being elastic and light, it would ascend 
to the higher part of the pipes, and escape through the safety 
tube. He conceived that steam generated in any part of the 
pipes, usually at the joints, would act as an obstructing body, 
and prevent the ascent of the water through the pipes if there 
was no safety tube to afford a vent to the steam or gas. He 
thought the report so complete, and the experiments so satis- 
factory, that the public must be satisfied of the dangerous 
nature of these pipes as at present constructed: 


Mr. Davies said, there was this objection to Dr. Black’s inge- 
nious plan, that if the pipes were left open, or had free access 
to the air, they would, in a comparatively short time, become 
totally emptied, and there would remain no water to circulate. 
Thev had found that even the expansion pipe blew off the steam, 
and assumed an oscillatory motion; and that a joint at the 
very bottom of the pipes, screwed very tightly, allowed the 
steam to escape, as it also did from other parts of the pipes. 
They had reason to believe, before those experiments were com- 
pleted, that a considerable quantity of water had escaped ; and, 
if an aperture, however small, allowed the steam to escape, an 
apparatus such as Dr. Black described, would allow the whole 
ofthe water to escape in a few seconds. 


Mr. Ryder said, that a few nights ago he took a short length 
of one of Mr. Walker's pipes, and had it filled with water, and 
screwed up, with a picce of wood in it, in the form Mr. Walker 
united all his joints, by a cone; and he subjected two of these 
lengths to the heat of a blast furnace. One blew up immedi- 
ately; the other was red hot, and remained so for nearly an 
hour, during which time they did not think it safe to go to it. 
Then it was cooled; ana, when they came to unscrew it, 
there was a strong stcam issued from it, just during the few 
minutes it took to unscrew it ; and, when opened, the pipe Was 
found perfectiy dry, and the wood was converted into a small 
quantity of dry charcoal not enough to have filled a child's 
thimble. 

Mr. Hopkins asked, whether a warming apparatus similar to 
that described (Mr. Perkins's) was not employed by some par- 
ties with certain modifications ? 

Mr. Jeremiah Garnett said, there were hot-water pipes of 
much larger diameter, with one pipe open to the air; but they 
were on a totally different principle, and it required pipes of a 
much larger calibre to produce the requisite temperature. 
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Mr. James Woolley asked, why such a safety tube as that 
proposed by Dr. Black could not be secured by means of a 
column of mercury. 


Mr. Jeremiah Garnett said, that was only another mode of 
applying a safety valve. 

Mr. Davies said, that a column of mercury of about 30 inches 
would be required to counterbalance one atmospheric pressure ; 
but, at one period of their experiments, they had a pressure 
equal to 75 atmospheres. 


Mr. Fothergill said, that Mr. Roberts (of Messrs. Sharp, 
Roberts, & Co.) had once fitted up two rooms with warming 
apparatus. He had a long cast-iron jar of four to six inches 
diameter internally, with a coil of pipes in the furnace similar 
to those made by Mr. Walker; and this apparatus was tried 
for two successive winters, but the heat from the pipes was 
not sufficient to warm the two rooms, and from that and other 
reasons Mr. Roberts removed the pipes, and substituted steam 
Pipes. 

Mr. Roberts said, his principal reason ſor doing so, was, 
that in the first winter, when the fire was lighted one morning, 
all the water was blown out of the rising pipes and out of the 
cistern, as nearly as possible. The return pipes had got frozen. 
and it was a very hard frost when he had most occasion to use 
the pipes. 

Mr. Alfred Binyon felt compelled to give his reluctant tes- 
timony to the accuracy of the experiments which Mr. Davies 
had detailed: he did so, because he considered the interests 
involved in this question were most extensive ; and, after a 
practise of six or seven years in the use of these pipes, he 
might state, that, under bad management, they were capable of 
doing very serious injury ; but, under common and ordinary 
management, and if the parties having the care of the apparatus 
had proper instruction respecting its use, that danger, he ap- 
prehended, might be lessened in a very great degree. With 
respect to the use of another metal, introduced into part of 
the circuit, he conceived that that would in many cases prove 
utterly useless, because when the flow did not take place, he 
had himself observed, in one portion of the pipe, from ten to 
twelve feet of the portion of the apparatus nearest the furnace 
would become red hot, and on one occasion had had a narrow 
escape from fire, the pipe being too closely in contact with some 
timber near. He would read the observations of the watchman 
on the works at Mayfield, on that occasion, July 29, 1838:— 
About a quarter to four o clock on Sunday morning, a fire 
was discovered in the [ceiling or floor over the drug-room, 
occasioned by the heat of the flue and Pipes. The are 
situated in the drug-room for heating the block-printing room 
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As soon as the fire was discovered, it was extinguished. One of 
the principal beams of the floor had become ignited: and 
there is not the least doubt, if the atmosphere had come into 
contact with the fire, a great conflagration would have been 
the consequence at Mayfield.“ He (Mr. Binyon) considered 
this apparatus presented so many advantages, in reference to 
its neatness, compactness, and the salubrity of the rooms in 
which it was used, as to recommend it to attention; and he 
should be glad if Mr. Davies would give any idea of the 
comparative cost of this mode of heating, and of any other. 
His own opinion was, that it was very economical ; and, though 
there was some failure, he thought we need not be unnecessarily 
alarmed with respect to this mode of heating buildings. 


Mr. Garnett said it was very easy to use a portion of lead 
piping near the furnace, and that was the position in which he 
should be disposed to place it; then it would act as a safety valve 
either in cases of overheating or of obstruction. He did not 
precisely know at what temperature gunpowder explodes, or 
whether Mr. Davies and Mr. Ryder made any observations to 
show the actual temperature of any part of the pipes at the 
time they ignited gunpowder. Mr. P. H Holland thought 
danger might be obviated by careful management and the use 
of the safety valve; or, if not by that, by the application of 
Perkins's beautiful apparatus, the pyrometer. Other dangers 
had not been alluded to—those to the health of the inmates 
of buildings. When air was heated by any surfaces to a high 
temperature, it was deteriorated for the purposes of respiration, 
especially ifthe hot surfaces were liable to come in contact with 
inflammable materials, the decomposition by combustion evolving 
gaseous products. In open shops or buildings, this inconveni- 
ence would not be so great, but in close buildings it was very 
injurious. Cases had occurred of this character—one in the 
Custom House, London, and another in a public building in 
Glasgow, in which very serious injury and Joss ot health 
ensued. In the custom-house, the loss of health to the clerks 
engaged was distinctly and decidedly traced to the use of stoves, 
at a temperature not much higher than that of those pipes ; and 
the only remedy for this was to heat the place with metallic or 
other surfaces, at alower temperature than would be injurious 
to health ; and this could only be done by making the surfaces 
proportionally large. The plan of Mr. Hodgkinson, of casing 
the smal] pipes in larger ones, would effect this object ; but it 
was perhaps better to have a large pipe alone, and buildings 
could be sufficiently heated by using large pipes at the common 
temperature of boiling water ; and, with a feed pipe, open to 
the air, the temperature might be kept not much higher than 
the boiling point with perfect safety. They would be some- 
what more expensive than the small pipes, and would occupy 
much more room ; but, though these were inconveniences, he 
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thought their greater safety (and it would be more difficult to 
keep up a sufficiently rapid current through a small pipe than 
a large one) more than counterbalanced these, and the conveni- 
ences were greater, for they effected the object of warming suff- 
ciently, conveniently, healthfully, and comfortably. In his 
opinion, for rooms in dwellings, the small pipes would never do, 
as regarded their effects on health. 


Mr. A. Binyon said, he did not recollect any instance in 
which any of their workmen, who, for years, worked daily 
in seven rooms warmed by this apparatus, had suffered in 
health from any injurious influence of the pipes. 


Mr. Holland said, thet might arise from the damp which 
prevailed in rooms used for calico printing; for moisture wou'd 
considerably reduce the injurious effects on health. Desides, 
in such works it was necessary to provide means for a chance 
of air, in order to the proper drying; and this would aso 
protect the workmen from deleterious effects. Put the whole 
of the clerks occupying one room in the Loudon Custom heated 
by stoves, had been laid up at once, while other clerks under 
circumstances in all but this alike, were not ill; and when 
this cause was removed, the clerks in this room were not ill; 
and, therefore, the inference was, that the heating by stoves 
made them ill. A similar case was mentioned by Dr. Ure as 
occurring at Glasgow, and he and others engaged traced it to 
a similar cause. 

Mr. J. H. Stanway said, that in the former case it was not in 
consequence of the air becoming deteriorated by the action of 
the hot water pipes, that ill health arose ; but it was from the 
air passing through a hot copper. The other case was a fire- 
office, under the management of Mr. Beaumont, at the iower 
end of Regent-street [“ The County Fire Office“ ], and there 
the copper was made red hot. When Mr. Perkins first made 
known his invention, he wished the temperature to be kept 
down to 350~, which he thought a safe heat with respect to dan- 
ger, and also that it would not interfere with the salubrity of 
the atmosphere through which the pipes were taken. And he 
proposed, as one means of reducing the temperature to that 
points that the coil in the furnace should be proportioned to the 
ength of the pipe ; that no coil should be attached toa pipe 
which would allow of its acquiring a higher temperature than 
850° when fully heated. 


Mr. Davies: one-sixth of the length of the pipe is his pro- 
portion for the coil. 

Mr. Ryder: the coil used in the experiments was rather less 
than one-seventh of the whole length. 


Mr. Stanway though it should be known that these pipes had 
been so fixed as to do a greater amount of duty than was re- 
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quired. Some parties wished to reduce the expense as much 
as possible, and the erector was induced to put as short a length 
as possible. 


The Chairman said, that as chairman he might be expected 
tu say a few words, which he did with considerable diffidence, 
as the subject was one with which he was not practically fami- 
liar. It appeared to him, that pipes of so small a diameter, 
heate‘l to so high a temperature, never could be rendered safe. 
A safety-valve applied anywhere but at the top, he thought, 
would be inoperative ; for, as a matter of course, the pipe 
would give way where it was the weakest, and where it was 
subjected to the greatest pressure. Now, it was both weakest 
and subject to the greatest pressure in the coil; for there, for 
every yard of perpendicular height, there was one pound addi- 
tional pressure upon every circle of the coil ; and the pipe would 
be the hottest, and therefore weakest in the coil, unless some 
weaker point was made by the introduction of some metal that 
would melt at a lower temperature. He thought Dr. Black’s 
remark a just one, that the generation of steain would prove an 
obstruction to the upward flow of water ; because the pressure 
being less at the top, the steam, which would be kept from 
being evolved by the greater pressure below, would accumu- 
late at the top, and, having once been evolved, it could not be 
pressed downward. Ile knew, from extensive experience in 
water works, that water pumped into the pipes conveyed with 
it some air, and that, in all elevated points of the pipes, that air 
would accumulate ; and unless it were permitted to escape by 
some contrivance, the flow of water could not pass that point, 
but had a severe struggle with the air. In the pipes for the 
supply of Edinburgh with water, a person was employed to 
turn a cock, and to let the air out now and then ; but he (Mr. 
Buck) had obviated that by making the tap self-acting. He 
constructed a valve on such a principle, that, when in contact 
with the water, it kept shut; but, when the air depressed the 
water, the valve opened. Such a contrivance might be applied 
to these hot-water pipes. A pipe, ascending a little distance 
above the highest point of the circulating pipes, containing a 
ball, into which a small quantity of steam might enter, and 
allow the water to pass on, might obviate the difficulty ; and it 
might be so contrived, that it should not necessarily open, 
except under the pressure assigned by the inventor, 350 If, 
for the sake of economy, it were desirable to continue this mode 
of heating, the introduction of some such contrivance would 
render the pipes considerably more safe. 


Mr. Hopkins asked if there was any objection to the use of 
large pipes but the additional expense. It appeared to him, that 
all the objects desired might be attained by making the pipes of 
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larger diameter; and, if that was the only difference, it was better 
to incur additional expense, than run the risk of great danger to 
property and life, by fire or explosion. 


Mr. Ryder said that Mr. Perkins had made a number of expe- 
riments with that object in view,—to see if his pipes could be made 
larger; and he found an inch pipe the largest that he could conve- 
niently bend cold for the coil and the different angles. 


The Chairman said that, in an excellent practical work of 
Tredgold’s, published seven years ago, he had stated, on the autho- 
rity of Dr. Ure, that air heated by contact with any substance of a 
temperature higher than boiling water, was deteriorated for the 
2 tg of respiration ; and his system of heating was by steam. 

e said that no pipe should be less than three nor greater than six 
inches diameter. He supposed that Tredgold’s beautiful work 
must be familiar to all engaged in warming public buildings; if 
not, he would advise them to read it. 


Mr. Ryder said it was necessary, in order to prevent the pipe 
collapsing, during its curvature into the coils, to bend it cold; and 
they found they could not accomplish that with pipes of greater 
diameter than one inch ; and it was also found, that, in proportion 
as they tried larger pipes, it was next to impossible to make the 
joints perfect; and upon this high pressure principle, all Mr. 
Perkins’s experience had brought him to the conclusion that that 
was the largest pipe they could use. 


Mr. Garnett said, that, at the Blind Asylum, larger pipes were 
used on a different principle—at a lower temperature, and with 
less pressure. 


Mr. Davies said that the pipes there were about four inches in 
diameter, and they answered the purpose very well. Both Mr. 
Ryder and himself highly approved of that mode of heating 
apartments; they thought it much better than the one under dis- 
cussion; but they had no idea that other modes were now to be 
discussed, but that the conversation was to be confined to Mr. 
Peikins’s system. 


Mr. Garnett asked whether any experiments had been made 
to throw light on the actual temperature of the pipes when lead 
was melted, or gunpowder ignited. 


Mr. Davies said lead would melt at 612°. 


Mr. Garnett said he was aware of that; but, while the lead 
melted was 612%, the pipe melting it might be 1,000° or near it, 
Mr. Davies said they had never tried any temperature of the 
ipes when 9 exploded ; it would not be 1,000.9. 
They got gunpowder decomposed at one temperature, and it 
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exploded at another. Sulphur would melt at 230° ; and pro- 
bably a few degrees ‘higher would explode gunpowder. In 
answer to a question by Mr. Hodgkinson, as to whether the 
lead had been attached to the pipe some time before melting, . 
Mr. Davies said they had portions of lead and bismuth attached 
to different parts of the pipes; and when they found that these 
melted, they applied other pieces, and found the metal to melt 
suddenly afterwards. 


Mr. A. Binyon thought that though wood might be charred, it 
might be doubted whether it would ignite, were it not for the inter- 
vention of sweepings, &c., which, becoming ignited, set fire to the 
wood. 


Mr. Davies said that cotton from the factory would have a little 
oi] mixed with it, and hence would have a tendency to spontaneous 
combustion ; and, if its temperature was raised, this process was 
hastened. 


Mr. Binyon added that in like manner a large quantity of tur- 
pentine in wood would be a means of its speedily taking fire. 


Mr. Davies said that in one case he had seen the turpentine 
actually boil. 


Mr. Ryder said that shavings had blazed freely several times, 
and even cane took fire. 


The Chairman asked if the pipes were kept as low as the 
temperature recommended by Mr. Perkins [350°], whether they 
would then be dangerous in warehouses. 


Mr. Davies said not more dangerous than any other expedient 
of a similar kind that could be devised, with this one important 
exception, that, of the magnitude generally made, the circulation 

was much more likely tu be interrupted than any other. 


Mr. Ryder said that in putting a pipe through a floor, minute 
particles of mortar fell in, and might lodge in sufficient quantity 
to cause a stoppage, which no foresight could prevent, as in the 
case of Messrs. Wood and Westhead’s warehouse. 


Mr. A. Binyon then moved the thanks of the meeting to 
Messrs. Davies and Ryder for their valuable communication on 
the subject which had evidently excited the greatest interest. 
Indeed it was of momentous consequence to the town of Man- 
chester, which employed such an immense quantity of piping on 
this plan ; and be was sure all present were greatly indebted to 
these gentlemen—(Applause.) 


: Dr. Black said he had great pleasure in seconding the motion. 
t passed unanimously and with applause ; and the proceedings 
then terminated, shortly after half- past nine o clock. 
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Address to the readers of the Annals of Electricity, Magnetism, 
and Chemistry, &c. 


As it is possible that some of the readers of the annals may have 
seen in the Nautical Magazine, for February; and in the Philoso- 
phical Magazine, for March last, Mr. Snow Harris's latest attempts 
to evade the force of my observations on his electrical experiments, 
his reasoning, and the marine lighting conductors, which he has 
had the imprudence to claim as his own original invention; they 
may have expected that I should have introduced those produc- 
tions of Mr. Harris's pen to the pages of the annals, and com- 
mented on them, as 1 have hitherto dore with all his previous 
essays on that subject. I, however, have various reasons for not 
paying any further attention to that kind of argumenta.ion which 

Ir. Harris appears so eminently calculated to manage; nor to 
that kind of data which, alone, he seems to be provided with. 


It must have been noticed by every reader of Mr. Harris's 
struggle against the force of the exposé in my fourth memoir, that 
he has shown either a natural tendency, or a wilʻul proneness, to 
employ a style of language not usually current in discussion on 
scientific subjects ; and that he has, in the mcst direct and unre- 
served manner, endeavoured to pervert the meaning of var ous 
parts of ny statements, for the very obvious purpose uf deceiving 

is own readers; and, it is tu be feared, from motives of a very 
different character to those which either true science or true phi- 
lanthropy, could in any case form an association. 


This mode of proceeding, to the extent that Mr. Harris has 
carried it, would, alone, have been a sufficient inducement to 
decline all further controversy with him on that or any other 
subject ; and as Mr. Harris has now made it appear that he is 
totally ignorant of the existence, and consequentiy of the effects 
of lateral dtscharges,—that he attempts toridicule the advantages 
to be derived from series of experimental enquiries by electrical 
kites,—that he confesses he has no idea of electrical waves in 
the atmosphere,—that he knows of no difference in the electrical 
condition ofa conductor, when carrying a discharge, and when not, 
and above all, when he proves, by his own mode of reasoning, 
that he has no knowledge whatever of the magnelic effects of 
electrical discharges through good conductors, and even denies 
in toto,so well an established fact, it becomes i Pe de indeed 
that he is in a totally unprepared condition to hold any argument 
on the subject: and, consequently, any further notice of his 
elaborate eision, could not be attended with any useful reults 
whatever. 

I believe it will be acknowledged, by all parties, that 
I have given Mr. Harris every advantage that he could 
possibly wish for since the controversy first began. I have 
placed the whole of his efforts before the readers of the Anzals, 
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most of which | have transplanted from other journals, which 
have tavoured his views in the most unreserved manner. And, 
in order that he might have an opportunity of yaad esate his 
electrical powers to the fullest extent, and exercise his abilities 
in support of that plan of conductors to which he attaches so 
much importance as his own invention, without labouring 
under the torments of suspected plagiarism , I have purposely 
kept Mr. Cook’s claims entirely out of sight. Being very well 
aware that, as the original plan of Mr. Cook, by having eylin- 
drical conductors and keeping them clear of the masts, are much 
less dangerous than the metamorphosed shape and position given 
to them by Mr. Harris: the merits of the invention, whatever 
they may be, must eventually revert to Mr. Cook. More- 
over, as I cannot view any lightning conductors, which pass 
through the body of the ship, otherwise than dangerous, I 
had no wish, even now, to associate Mr. Cook's name with the 
controversy, had I not been requested to do so- 


Mr. Harris might possibly, before this time, have had an op- 
portunity of adding some other facts to his stock of information, 
besides those he has already picked up since the commencement 
of this controversy, had he treated those I first made known to 
him in the gentleman-like manner I had a right to expect. 
These, however, I soon found necessary to keep in reserve, 
until a more convenient season, and until I had an opportunity 
of convincing others of their existence and importance. 


I have frequently taken sparks, and even violent shocks, 
from an iron bar, stuck deep into moist ground, whilst that bar 
was receiving a torrent of electric fluid from the insulated kite 


string ; and also from every part of a long copper wire, in con- 
nexion with that bar, laying on moist ground, and the farther 
extremity formed into a coil and thrown into a pond of water. 
But as I have made no electric kite experiments since some time 
before I left my residence at Woolwich, now about three and a 
half years ago, till the 29th of last month, I have had no opportu- 
nity of shewing those tacts to any scientific individual beyond my 
own assistant. On that day, however, I had a kite up, for the first 
time in Manchester; and although we had a cloudless sky, I 
was enabled to convince several of our directors, and other sci- 
entific gentlemen present, of the existence of lateral discharges 
from conductors in connexion with the ground. On’ Thurday, 
the Gth instant, we had the kite up again; and althongh the 
electric action in general was very feeble, yet, on pulling the kite 
down again, an electric wave caused by an approaching light cloud, 
produced such a shower of shocks to the whole of four or five 
persons who had hold of the string, as to make them skip away 
from it with their best speed. This occurred several times 
before the kite reachd the ground. 
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Being, however, in correspondence with Mr. Weekes on the 
subject, and knowing the facilities, perseverance, and skill of manip- 
ulation which that gentleman possesses, I, in the mean time, (as 
will be seen by his letter, page 446) requested the favour of his 
making a few experiments, which I then suggested to bim; and 
he has very kindly undertaken to put my suggestions into opera- 
tion, the first opportunity that presented itself; and I have only to 
solicit the attention of the reader to a perusal of Mr. Weekes's 
paper, to make him acquainted with the result. He will find a 
description of the most splendid set of experiments that were ever 
yet recorded on the subject of atmospherical electricity. 


It is N gratifying to me, to have so many of the 
the phenomena of atmospherical electric action, which I had so 
clearly pointed out in my fourth memoir, to be thus so beauti- 
fully and strikingly demonstrated upon the magnificent scale 
which Mr. Weekes has described, and more particularly so, 
when I find a philosopher of such high standing in this branch 
of physics entering, without hesitation, and in the most unqua- 
lifed manner, into the precise views which I had taken, not 
only of the danger of lateral discharges from lightning con- 
ductors: but of the effects of electric waves, which that gentle- 
man so emphatically describes, and which his late experiments 
have afforded him such ample opportunities of observing. 


The brilliant scintillations from the iron nail in the pump 
were evidently the effects of lateral discharges of the second 
kind, and the sparks and shocks taken from the insulated wire, 
and from the various vicinal metallic articles, were, as obviously 
the effects of lateral discharges of the third kind. (See my 
Fourth Memoir, vol. iv. p. 174, of these Annals.) 


Andas Mr. Weekes has referred the whole of these phenomena 
to the influence of electric waves, (for no flash of lightning from 
a cloud struck any part of the apparatus,) I am justified in 
concluding that the views which I have taken of the effects of 
electrical waves and lateral discharges, are now amply proved 
and satisfactorily acknowledged, by an authority which no 
electrician is likely to call in question. 

It only remains that I acknowledge the obligations which 
Mr. Weekes has placed me under, not only for the readiness 
with which he has undertaken to make those experimental 
inquiries that I pointed out him ; but for the very handsome 
and gentlemanly manner in which he has attributed those 


inquiries to my suggesions. 
N WILLIAM STURGEON. 


Royal Fictoria Gallery of Practical Science, 
Manchester. 


May, 1841. 
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Remarks on the Daguerrotype Process. By Dr. Drapgr, Pro- 
fessor of Chemistry in the University of New York. 


The first object is to expose a surface of pure silver to the 
action of vapour of iodine, in order to give rise to a peculiar 
iodide of silver, which under certain circumstances is exceed- 
ingly sensitive to light. The action of hyposulphite of soda, or 
the process of galvanism, are to free the plate of its sensitive 
coating, after the operations are completed. 


Iodide of silver turns black in the solar ray, the whole success 
of the daguerrotype artist depends on his checking the process 
before the change shall have supervened. 


The coating of iodide is not immediately necessary to the 
production of images by the mercurial vapour. The condition 
appears to be traceable to the metallic surface. If it be cleansed 
of its mercury, polished thoroughly with rotton-stone, and 
washed with nitric acid till it exposes a brilliant surface ; yet 
the original picture will re-appear by exposure to mercurial 
vapour, if the plate be not exposed to heat. 


Oil and rotton-stone answer very well for giving the piate 
the requisite polish. It is then to be heated and washed with 
nitric acid, and finished by rubbing with dry whitening powder. 
To coat the silver with iodine, a box of a suitable size is used, 
in the bottom of which is placed the iodine ; the plate is placed 
over this substance at the short distance of half an inch. In 
from one to three minutes the coated golden hue appears per- 
fect and uniform. By keeping the prepared plate in darkness 
for twelve, or even twenty-four hours, its sensitiveness 
becomes increased ; other advantages are also obtained. Some 
of the finest specimens that I have obtained, were produced by 
a common spectacle glass, of fourteen inches focus, arranged at 
the end of a cigar-box as a camera. A lens of this size 
answers very well for plates four inches by three: reproducing 
the objects with admirable finish. Copperplate engravings are 
represented in the minutest details: the mark of the tools 
becoming quite distinct under the magnifier. 


Jn the mercurializing process the plate may be placed at an 
angle below 45°, or even horizontally, over the mercury. It 
is sometimes advantageous to heat the mercury a second time 
when the proof is not distinct by the first operation. In some 
cases the proofs will not come out at a low temperature. 


When the mercurial process is compiete, the plate is first dip- 
ped in cold water, and to be put into a solution of common salt of 
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moderate strength; it is then to be touched at one corner by a 
piece ot bright zinc, the yellow cout of iodide moves off like a wave 
and disappears. The zinc is not to be left in contact tuo long, 
otherwise it deposits stains: washing in clean water finishes the 
process. 


By the aid of a lens and a heliostat, Dr. Draper caused the moon 
beams to converge on a plate, and in half an hour a very strong 
impression was obtained. With another arrangement of lenses 
he obtained a stain nearly an inch in diameter, and the general 
figure of the moon, in which the places of the dark spots might 
be indistinctly traced. 


— — — 


Singular Electric Storm of January 184 1.— We have traced this 
storm through the following range of localities :— Dreadful 
thunder and lightning at Stannder, Scotland, very early in the 
morning.—At Manchester a tremendous clap of thunder 
awakened the inhabitants about 3 o'clock in the morning. There 
were heavy hail showers at the time, and much vivid lightning, 
with a gale of wind, but no damage done —The storm arrived 
at Wolverhampton between four and five in the morn- 
ing ; the lightning struck the parish church and set the wooden 
cross on fire.—At Bidlington there was a dreadful storm of 
lightning, thunder and hail in the morning.—The same storm 
visited London a little before 7 o'clock, and at ten mi- 
nutes before 7 the lightning struck Spitalfields Church, 
twenty feet from the top of the steeple.—Streatham Church 
steeple was struck by lightning, between seven and eight in 
the morning. The steeple took fire and was burnt to the 
ground.—At Boulugne there was a dreadful storm with very 
vivid lightning during the night.—On the Eastern side of 
England, we understand, that the storm at Lincoln happened in 
the morning, and lasted about three quarters of an hour, from 
shortly after four to five o'clock. There was much vivid 
lightning, thunder and heavy hail. The wind blew a gale. A 
wind-mill was struck by the lightning and set on fire. At 
Boston, there was a dreadful storm of wind, hail, lightning, and 
thunder. During the transit of this storm over England we 
hear of three churches, and one wind-mill heing struck by the 
lightning. The most remarkable of these events, in a scientific 
point of view, is that of Spitalfields Church, which was struck 
twenty feet below the top of the steeple ; evidently the effect of 
an oblique discharge from a neighbouring cloud. 


— 
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LECTURE VIII. 


The particulars I have already pointed out respecting the Electric Machine, 
such as keeping it clean, warm, and dry, are applicable to all kinds of electrical 
apparatus. Every particle of dust presents a virtual point to the surrounding 
air, and delivers to it a great quantity of fluid as decidedly as the metallic point 
at the extremity of the prime conductor delivered fluid to the air in one 
of the experiments of our last lecture. If you will pay attention to the prime 
conductor, which was perfectly clean when the machine was first put into 
action, you will observe that it is completely covered with a film of the finest 
particles of dust, which looks almost like smoke. This covering has been 
formed by virtue of the prime conductor, whilst in an electric condition, 
attracting the dust from the contiguous air; and now, instead of presenting a 
smooth surface it presents an asperous one, every point of which looses some 
portion of the electric fluid which passed to it from the machine, and 
consequently, under these circumstances, you have not so much disposable 
electric fluid from the prime conductor, for experiment, as when that apparatus 
is perfectly free from dust: and as every other piece of apparatus, whilst in 
use, would loose the electric fluid into the air, from a similar cause, you will 
be sensible not only of the advantages, but of even the necessity of kecping 
every part of an electric apparatus perfectly clean. Hence, also, every part 
of the surface of those instruments that are not purposely intened to dis- 
sipate the electric fluid into the air, whether they may be constructed of wood, 
ivory, or metallic matter, ought to have their surfaces well polished, as convex 
as possible, and without sharp edges ; even the operations of the milling tool 
should be carefully avoided. The loss of fluid from any piece of apparatus 
from these or any other causes, may very conveniently be called dissipation. 


Now it very often happens that one, or more, of the collecting points of 
the prime conductor, dissipates the fluid whilst the others are collecting it; 
and especially when the prime conductor is very well insulated. This fact 
may be very well ascertained by looking at the points whilst the machine is 
in motion; for the receiving points are tipped with a luminous star, and the 
delivering points exhibit pencils of electric light. This kind of dissipation 
occurs most frequently from the outermost points of the series. 


There is also another source of loss of fluid which it may be well to mention 
in this place. If the cushion has becn newly amalgamated, the glass 
cylinder becomes partially covered with streaks of the amalgam after it hak 
been in action for a short time; and as these streaks are of metallic constitution 
they are conductors, and carry a portion of the excited fluid entirely round to 
the cushion again: and thus prevent it from being taken up by the collecting 
points belonging to the prime conductor. When this happens, the prime 
conductor gives but very feeble sparks, or any other electric action; indeed 
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the machine is out of order. Therefore these streaks and spots of amalgam 
which stick to the surface of the cylinder must be immediately removed as 
fast as they appear. 


The distribution of electric fluid over the surface of the bodies, is a topic 
of great importance in the study of this branch of physics, whether it 
be viewed in a theoretical or in a practical point of view. With non-conduct- 
ing bodies an equable dissemination of the fluid is not easily attained within 
any moderate limits of time, whilst on the surface of good conductors, it is 
accomplished in a moment; and therefore, the best conductors, the metals 
for instance, are best adapted for contemplating the laws of electric distribution. 


Let us suppose that we have two flat pieces of metal of equal surface in- 
sulated, and that I communicate to each picce a certain quantity of the electric 
fluid. Now as each picce has received the same quantity they will be both 
electric alike; and because they have equal powers of dissemination, the 
distribution of the fluid in the one piece will be equal to the distribution in the 
other: for, although the distribution will not be eguable over the whole of the 
surface of either of them, it will be similar in both pieces; so that the electric 
forces at the centre and at the edge of one plate, will, respectively be equal to 
the electric forces at the centre and at the edge of the other. 


The same reasoning holds good with metallic cylinders with convex ends, 
such as the prime conductor of the machine. Similar portions of the clectric 
fluid on each cylinder will render them similarly electric on corresponding 
parts of their surfaces. But in no instance can the distribution be eguable, 
unless the body be perfectly spherical, and surrounded on every side by 
equable electric forces. On this subject I shall have much more to say in a 

future lecture, my present object being only to show you that, with the same 
electric machine, the electric forces exhibited by the prjme conductor will 
vary with its size and figure. 


If the prime conductor be spherical, as is sometimes the case, you may 
take a spark from any side of it you please, and you will find the pungency 
of that spark nearly alike from which ever side of the sphere it be taken : more 
especially if the sphere be not of large dimensions. But if the conductor be a 
long narrow cylinder with convex ends; the pungency of the sparks is greater 
from the end most remote from the machine, than from its sides. 


Now, in order to become acquainted with the effects of prime conductors 
of different magnitudes, for the same machine, it will be necessary that we 
first make ourselves acquainted with the electric conditions of two unequal 
metallic bodies charged with similar quantities of the electric fluid. If, for 
instance, I were to employ two insulated metallic spheres, whose surfaces 
were as one to two; (one a square foot, the other two square feet), and to 
each sphere I were to transmit a certain quantity of the electric fluid, say 
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10 particles It is very obvious that as these 10 particles occupicd only half 
the space on one of these spheres as on the other, the electric density on the 
small sphere would be twice the electric density on the large one: and as the 
intensity of the force depends upon, and is proportional to, the density of the 
fluid, the intensity of force on the smaller sphere is twice that on the larger. 


Now, although, as I have before stated, the electric condition of a cylin- 
drical conductor is not equable on every part of its surface, yet the intensity 
of force in the prime conductor with the same machine, will be in same in- 
verse ratio of the size of the conductor: or, in other words, a small conductor 
becomes more intensely charged than a large one. On the other hand again, 
the quantity of fluid which a conductor can hold, is in some direct ratio of its 
size; or, if you please, a large conductor will hold more fluid than a small 
one. But it must be observed, thata large conductor, by exposing a more 
extensive surface to the surrounding air than that exposed by a smaller one, 
has a better opportunity of dissipating the fluid; and would require a larger 
supply from the machine to keep up any certain degree of intensity. There 
is also another point to be taken into consideration. When two conductors of 
the same magnitude are charged to different degrees of intensity, that which 
has the highest intensity will have the greatest propelling force; and, con- 
sequently, will have the greatest dissipating power: but it is found by experi- 
ence that the dissipation from a large conductor is much greater than from a 
small one, by employing the same machine. Therefore from all these con- 
siderations, it appears, that with a glass cylinder of certain dimensions, say 
ten inches diameter and fifteen inches long, we may keep a small prime con 
ductor continually charged to a tollerably high degree of intensity: but that 
the same cylinder could not keep up the same degree of electric intensity in a 
large conductor. Indeed, the surface of a conductor might be so large as to 
dissipate the greater portion of the whole of the fluid excited by the cylinder. 


Again, the striking distance, (or the thickness of the plate of air that the 
first spark from a conductor will penetrate,) is proportional to the intensity 
of the fluid in that particular part of the conductor from which the spark is 
taken: therefore the higher the intensity the greater the length of the first 
spark. I here take into calculation the frst spark only, because after the plate 
of air is once broken through, the succeeding sparks of a scries, will be regu- 
lated by the guantitz as well as by the intensity of the fluid transmitted. 


Let us now suppose that a spark taken from a conductor at a certam 
distance is constituted of the whole quantity of fluid which the conductor 
contained at the precise time of its emission: and that the degree of intensity 
is constantly the same. It is very obvious that a spark from a large conductor 
would be more powerful than a spark taken from a small one: because there 
is more fluid in the spark from the large conductor than in that from the 
small one, and because the velocity is the same in both cases. Therefore, in 
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order to obtain formidable sparks from the action of a machine of given powers, 
we must endeavour to regulate the size of the conductor to the power of the 
machine. If it be too small the sparks will be small, pungent and rapid. 
They are small and rapidly produced because the quantity of fluid constituting 
each spark is small, and the supply is comparatively great: and they are 
pungent because they are discharged with great velocity and impinge on a 
mere point on the skin. Ifthe conductor be too large, the intensity of the 
fluid can never rise to a great hight, because the supply cannot be kept up 
by the machine. The sparks will be infrequent and will produce a dull heavy 
blow to any person taking them. But when the conductor is of a proper size 
to be kept well supplied at a high intensity, the sparks are delivered rapidly, 
are extremely severe on any part of the body on which they impinge: give a 
brilliant white light and produce a continuous loud rattling noise. 


When the glass cylinder of the machine is of the dimensions already stated, 
the cylindrical prime conductor with convex ends, may be three feet long and 
six inches diameter: and the supply of fluid will be sufficient for a discharge 
of sparks of great intensity and power. As the greatest degree of intensity 
of a prime conductor is invariably found at its remote end, and greater in 
proportion to the smallness of the ball which terminates the conductor; the 
striking distance is greater, and consequently the sparks are longer when 
taken from a small ball than from a large one. We will prove this fact by 
the following experiment. 


I will take away the ball from the prime conductor C. C., fig. 9, page 421, 
and put in its place the apparatus A. B. C., which is a bent brass wire with a 
ball at each end, one of which is much larger than the other. To the bend 
of the wire is fastencd a stem, to be introduced to the hole in the end of 
the conductor. Now I will take sparks from the large ball to another ball 
which I hold in my hand, and you will observe that when the distance between 
them is small, the sparks are very large and dense, and give a bright white 
light, with a great deal of noise; and if I stand on a ehain, or any other metal 
which is in good connection with the ground, I feel a dull, heavy, disagreeable 
blow on my shin and ancle bones. I will now withdraw my hand farther from 
the ball of the conductor, and you will perceive that sparks are notso frequent 
as before, but that they are more brilliant, and make a greater noise, and the 
shocks on my legs are much more severe. When I seperate the two balls te 
about three inches, the sparks appear at very distant intervals, and a little far- 
ther off they entirely disappear. Certainly none can pass through four inches of 
air. 


Having now ascertained the maximum length of a spark from the large ball 
A, I will shew you what will happen at the small ball, C. You perceive that 
I can take a spark from this ball, when the ball in my hand is five or six inches 
distant from it; and by increasing that distance gradually, I obtain a stream ef 
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sparks ten or twelve inches long; and in some cases they may be made to pass 
through a space of eighteen inches. In this case, the sparks have none of that 
brilliancy of white light as is developed by the sparks taken from the larger ball, 
they are of a red colour, inclining to purple, and travel in very crooked lines, 
for reasons already pointed out in the last leeture. Whilst these long straggling 
sparks are passing between the two balls, there is a great dissipation of fluid 
into the surrounding medium, as you may see very clearly when the room is 
well darkened. The dissipating part of the fluid forms beautiful ramifications 
of purple light, which dart into the air from the angles of the zig-zag path de- 
scribed by the main body of the stream of sparks. 


AWARD OF PRIZES, 


FOR 
COMMUNICATIONS TO THE SIXTH VOLUME, 


OF THE ANNALS OF 


ELECTRICITY, MAGNETISM, & CHEMISTRY, &c. 


The most pleasing duties and the noblest actions of Scientific life are those 
of conceding the honour of discovery, or of invention, to those of our fellow 
labourers to whom it is justly due, and of appreciating the advantages deriv- 
able from those laws of physical science which such discoveries have developed; 
or from the application of those laws, whether directly contributing to the 
comforts and happiness of man, or indirectly accomplishing that end, by the 
production of novel implements of research, that may facilitate future investi- 
gations in the developement of still more valuable truths. 


Neither can there be a greater honour devolving on man than that of 
having, by his own talent and persevering investigation, brought to light any 
of those hidden laws of nature which, till then, had been curtained from the 
keen eye of scientific research; or that of demonstrating the exactness of 
such laws as had previously been either but obscurely developed, or but little 
known to the cultivators of science. Of the high value of such discoveries 
and of such demonstrations we have ample proof in almost every department 
of physicial knowledge. They are ever considered of a high order in promoting 
the interests of philosophy ; and, in the affairs of civilized life, their amplitude 
of usefulness surpasses all calculation, and can only be limited by the precincts 
allotted to time. 


Before the commencement of these Annals, there was obviously a great 
want in this country, of a proper channel through which the experimental 
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labours, of those persons who were either but obscurely, or not at all, known 
to the scientific world, could be brought to light and properly recorded with 
that degree of promptitude and candour which alone give to discoveries their 
true value, and confer npon their authors that extent of true merit which they 
so justly have a right to expect. The desideratum being supplied, many ex- 
perimentalists have become known whose names were never before implanted 
in the history of science: and these Annals have the honeur of bearing origi- 
nal records of experimental discoveries which have not been surpassed since the 
first appearence of the work. And there is every reason for entertaining the 
most flattering hopes, that, by the further inducement now held out for enter- 
ing the field of honourable competition, a spirit of still more ardent and 
extensive research will shortly be manifested by every class of enquirers in 


experimental science. 


The prizes which fall within the precincts of the specifications in the list 
of subjects, for the present volume, are awarded to W. H. Weekes, Esq. 
and to J. P. Joule, Esq. To the former gentleman for his paper descriptive 
of his brilliant Atmosphcric Electric Experiments: and to the latter gentle- 
man, for his paper descriptive of the most powerful Electro-Magnet in propor- 
tion to the weight of iron employed. 


Mr. Weeks has long been an arduous and successful labourer in the field 
of experimental science, and has contributed opulently to the Annals of 
Electricity, Sc., whose pages have been highly enriched, both by the interesting 
character of his investigations and by the flowing energy of his pen. The 
following are the titles of those of Mr. Weekes's papers that have appeared in 
various volumes of this work. 


lst.—Description of the Hydroplasson, a portable, simple, and perfectly 
secure, self-acting instrument, for exhibiting the composition of water from 
the combustion of its gaseous constituents in a state of previous admixture. 
Vol. 3, P. 345. 


2nd.—On the decomposition of water by the agency of growing plants; 
more particularly the Aquatic Conferve—the Lemna, a genus of the Monacia 
Diandria Class, &c. Vol. 4. P. 26. 


3rd.—Memoir, on the employment of the Oxy-hydrogen gas in its appli- 
cations to the purpose of Chemistry and the Arts, by means ofthe Silex- safety 
Blow-pipe; an instrument adapted to the perfectly secure combustion of 
explosive gascous mixtures in any continuous quantity, and with jets of 
extraordinary dimensions. Vol. 4. P. 192. 

4th.—A Letter to Thomas Pine, Esq. of Maidstone, on some Experiments 
undertaken with a view to Illustrate his Theory of Electro-Vegetation, &c. 

5th.—Synoptic view of the precise amount of pure carbon yielded, by the 
rigid analysis, from Charcoals of thirty principal known woods. Vol. 4. P. 391. 

6th.—Description of a Meteor, seen at Sandwich, Kent, Vol. 4. P. 505. 


Award of Prize, Volumes. 511 


7th.—A Report of some experiments in Atmospherical Electricity, made 
in the Autums of 1840, during which the disengagement and insulation of 
Ozone were effected. Vol. 6. P. 89. 

8th—Observations on the Electrical phenomena of high pressure steam, as 
recently exhibited in the vicinity of Newcastle, &c. Vol. 6, P. 232. 

9th—On Atmospherical Electric Apparatus and Experiments. Vol. 6. 
P. 446. 

This last series of experiments by Mr. Weekes, will no doubt give all the 
satisfaction that even the most sceptical could wish for, respecting the existence 
and the effects of atmospheric Electrical waves. It is a topic of the highest 
importance in the study of atmospheric electricity: and, as is well known to 
the readers of this work, it is one which I have been exceedingly anxious to 
get properly understood. There are not many experiments on record, which 
have yielded such brilliant results from the effects of electric waves as those 
which Mr. Weekes has had the good fortune to observe. Indeed, with the 
exception of those observed by M. De Romas, * and some which I have 
seen at various times, f I am not aware of any on record which are to be com- 
pared with them in point of splendour and importance. Nor have even these the 
importance of the Sandwich experiments, which were so laudibly undertaken 
for the purpose of a specific enquiry, in which the operator had no interest 
but the cause of scientific truth: and which have set at rest the most import- 
ant questions, on atmospherical electricity that have presented themselves to 
the philosophical world since the solution of the great problem respecting the 
indentity of electricity with lightning. 

Mr. Joule is one of those indefatigable, and now well disciplined experi- 
mentalists, whose first essays on experimental science these Annals have the 
honour of recording. His enquiries have been directed, principally, to the depart- 
ment of Electro-Magnetics, in which he has been peculiarly successful. 
Mr. Joule’s communications to the Annals will be found under the following 
heads. 

lst.—Description of an Electro-Magnetic Engine. Vol. 2. P. 122. 

2nd.—Description of an Electro-Magnetic Engine with Experiments. 
Vol. 3. P. 436. 

3rd.—On the use of Electro-Magnets made of iron wire for the Electro- 
Magnetic Engine. Vol. 4. P. 58. 

4th.—Investigations in Magnetism and Electro-Magnetiam, first communi- 
cation. Vol. 4. P. 181. 

5th. — Investigations in Magnetism and Electro-Magnetism, second com- 
munication. Vol. 4. P. 135. . 

* Annals of Electricity. Vol. v. P. 63. 


t Ibid Vol. iv. P. 181: also Phil. Mag. also my letter to 
Mr. Weekes, dated April 19th. 1841. 


t The existence of Electric- Pares, and the lateral discharge from lightning 
conductors. ; 


512 Award of Prize, Volumes, 


6th.—Description of an Electro-Magnetic Engine. Vol. 4. P. 203. 

7th.—Investigations in Magnetism and Electro-Magnetism, third cont- 
munication. Vol. 4. P. 474. SEN 

8th.—Investigations in Magnetism and Electro-Magnetism, fourth com- 
munication. Vol. 6. P. 187. 

9th.—Investigations in Magnetism and Electro-Magnetism, fifth com- 
munication, Vol. 6. P. 470. ä 

10th. Description of a New Electro-Magnet. Vol. 6. P. 431. 


Mr. Joule’s theoretrical views, from which he has been enabled to produce 
such powerful magnets, are stated in those papers which appear in Vol. 4. 
P. 131, 135, 474; and in Vol. 5. P. 187, 470, which may be perused 
with great interest. 

In awarding prizes for Scientific discoveries and inventions, it will some- 
times be found difficult to form a satisfactory decision which may have the 
greatest claims in point of importance and value; especially when several of 
great interest present themselves at nearly the same time. On the present 
occasion, however, nothing of the kind could possibly interfere in the decision 
already made. Mr. Weekes’s paper which Has so justly entitled its author 
to one of the prize volumes, is not only descriptive of experiments of a 
peculiar character, but as regards importance they have no parallel in the 
history of Atmospheric Electricity. 

Mr. Joule, whose claims to a prize volume rests on the production of an 
Electro-Magnet of great power with a comparatively small weight of fron, 
has also other claims on this branch of science for his previous valuable com- 
munications, already referred to, and with which this is so intimately connected. 

Science, however, is not always benefited by making too nice distinctions 
between discoveries or inventions specified within certain limits, and those 
which approach the line of demarcatfon so closely as to be of hearly, if not 
quite, of equal interest. Hence it is, that whilst Mr. Joule enjoys the hon- 
our of theoretrical investigation, and priority of carrying out his views of 
Electro-Magnetic action, by the production of magnets of quite a novel form, 
Mr. Radford, and Mr. Roberts have been eminently successful in the practical 
part of the subject, by producing their respective Electro-Magnets described 
at Pages 231, and 166: and as the object of these prizes is the promotion of 
Electricity and Magnetism in all their branches both theoretrical and practical, 
those fine specimens of Electro-Magnets produced by Mr. Radford and Mr. 
Roberts ought not to pass unnoticed in the award of the prize volume in which 
they are recorded. A prize volume is therefore awarded to Joseph Radford 
Esq. for producing a perfectly original, and curiously formed Electro-Magnet 
of great power: and a prize volume is also awarded to Richard Roberts Esq. 
for producing the most powerful Electro-Magnet hitherto recorded. 


END OF VOLUME VI. 
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